United States Patent [i9] 

Cabilly et al. 


[11] Patent Number: 4,816,567 
[45] Date of Patent: Mar. 28, 1989 


[54] RECOMBINANT IMMUNOGLOBIN 
PREPARATIONS 

[75] Inventors: Shmnel Cabilly, Monrovia; Horbot 
L. Heyneker, Burlingame; William E. 
Holmes, Padfica; Artfanr D. Riggs, 
La Verne; Ronald B. Wetzel, San 
FranciscOt all of Calif. 

[73] Assignee: Geoentech, Inc«, South San 
Francisco, Calif. 

[21] AppLNo.: 483,457 

[22] Filed: Apr. 8, 1983 

[51] IntCL^ COTK 15/14; C07K 15/06; 

C12P 21/00, CI2N 15/00. C12N 1/20 

[52] UJS.CL 530/387; 435/68; 

435/1713; 435/320; 435/252.3; 435/252.31; 
435/252.33; 435/252.34; 935/10, 935/15; 

935/29; 935/73; 530/388 

[58] Field of Search 435/68, 17Z3, 240, 

435/253, 172.2, 317, 320, 260/112 B; 536/27; 
935/11, 15, 27, 29. 73; 530/387, 388 

[56] References Qted 

U.S. PATENT DOCUMENTS 

4,444,878 4/1984 Paulus 435/188 

4,512,922 4/1985 Jones et aL 435/68 X 

4,518,584 5/1985 Mark et aL 435/172,3 

4,704,362 n/1987 ItakoraetaL 435/172.3 X 

FOREIGN PATENT DOCUMENTS 

0057107 8/1982 European Pat. Off. . 

0073656 8/1982 European Pat, Off. 435/172.3 

0068763 1/1983 European Pat Off. . 

0120694 10/1984 European Pat. Off. . 

OTHER PUBLICATIONS 

Dolby. T. W. et al. Proc NatL Acad. Sci, vol. 77. (10) 
pp. 6027-6031, 1980. 

Rice, D. et aL Proa NatL Acad, Set voL 79 pp. 
7862-7865. 1982. 

Accoila, R. S. et al., Froc Natl Acad. ScL, voL 77. (1) 
pp. 563-506, 1980. 

Raso. V. et al.. Cancer Res., vol. 41, pp. 2073-2078, 
1981. 


Nisonoff. A, et al., Arck BiochenL Biophys,, vol. 93, pp. 
460-462, 1960. 

Glennie, M. J. et al.. Nature, vol. 295. pp. 712-714, 1982.* 
Eisen, H. N,. Immunology, Harper & Row. Publishers, 
pp. 415 and 428-436. 1974. 

Hozumi, N. et aL Nuc Acids Res. vol. 5(6) pp. 
1779-1799, Chem. Abst 89:87928t, 1978. 
Wetzel, R. et al. Gene, voL 16, pp. 63-71, 1981. 
Williams et al.. Science, vol 215. pp. 687-689. 1982. 
Falkner, F. G. et al.. Nature, voL 298, pp. 286-288, 
1982. 

Boss et aL Hamer et aL, Ed. **Gene Expressions-Proc. 
Cetus-UCLA Symposium . . . Mar. 26-Apr. 1, 1983" 
pp. 513-522, 

Amster et aL, ^Nucleic Acid Research" 8(9): 2055-2065 
(1980). 

DeBoer et al., Rodriguez et aL, Ed. "Promoters" 
462-481 (1982). 

Gough, *Tibs" 6(8): 203-205 (Aug. 1981). 

Morrison, "J. of Immunology" 123(2): 793-800 (Aug. 

1979). 

Kohler "P.N.A.S. USA" 77(4): 2197-2199 (Apr. 1980). 
Thomas M. Roberts, Promoters, Rodriguez et al., Eds. 
(1982), pp. 452-461. 

Kemp et al., •*Proc. Natl. Acad. Sci. USA" 78(7): 
4520-4524 (Jul. 1981). 

VaUe et al., "Nature" 300:71-74 (4 Nov. 1982). 
Microbiology 3rd ed.. Harper Int. Ed. 338-379 (1980). 
Hitzeman et al. Science 219: 620-625 (1983). 
Mercereau-Puijalon et al., in "Expression of Eukary- 
otic Viral and Cellular Genes" Pettersson et al. (ED.) 
295-303 (1981) Academic Pr. 
Primary Examiner — ^Jayme Huleatt 


157] 


(List continued on next page.) 
ABSTRACT 


Altered and native inununoglobulins, including con- 
stant-variable region chimeras, are prepared in recombi- 
nant cell culture. The immunoglobulins contain variable 
regions which are immunologically capable of binding 
predetermined antigens. Methods are provided for re- 
folding directly expressed immunoglobulins into immu- 
nologically active form. 

7 Claims, 15 Drawing Sheets 
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RECOMBINANT IMMUNOGLOBIN 
PREPARATIONS 

BACKGROUND OF THE INVENTION 

This invention relates to the field of immunoglobulin 
production and to modification of naturally occuring 
immunoglobulin amino acid sequences. Specifically, the 
invention relates to using recombinant techniques to 
produce both inununoglobulins which are analogous to 
those normally found in vertebrate systems and to take 
advantage of these gene modification techniques to 
construct chimeric or other modified forms. 

A. Immunoglobulins and Antibodies 

Antibodies arc specific immunoglobulin polypeptides 
produced by the vertebrate immune system in response 
to challenge by foreign proteins glycoproteins, cells, or 
other antigenic foreign substances. The sequence of 
events which permits the organism to overcome inva- 
sion by foreign cells or to rid the system of foreign 
substances is at least partially understood. An important 
part of this process is the manufacture of antibodies 
which bind specifically to a particular foreign sub- 
stance. The binding specificity of such polypeptides to a 
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The hybrids thus formed are segregated into single 
genetic strains by selection, dilution, and regrowth. and 
each strain thus represents a single genetic line. They 
therefore produce inmiunoreactive antibodies against a 
desired antigen which are assured to be homogenous, 
and which antibodies, referencing their pure genetic, 
parentage, arc called "monoclonal**. Hybridoma tech- 
nology has to this time been focused largely on the 
fiision of murine lines, but human-human hybridomas 
(Olsson, L. et al., Proc NatL Acad. ScL {USA\ 77: 5429 
(1980)); himian-murine hybridomas (Schlom, Jm « al. 
(ibid) 77: 6841 (1980)) and several other xenogenic hy- 
brid combinations have been prepared as well. Alterna- 
tively, primary, antibody producing, B cells have been 
immortalized in vitro by transformation with viral 
DNA. 

Polyclonal, or, much more preferably, monoclonal, 
andbodies have a variety of useful properties similar to 
those of the present invention. For example, they can be 
used as specific immunoprecipitating reagents to detect 
the presence of the antigen which elicited the initial 
processing of the B cell genome by coupling this anti- 
gen-antibody reaction with suitable detection tech- 
niques such as labeling with radioisotopes or with en- 


particular antigen is highly refined, and the multitude of 23 ^^^^ capable of assay (RIA, EMIT, and ELISA). 
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specificities capable of being generated by the individ- 
ual vertebrate is remarkable in its complexity and vari- 
ability. Thousands of antigens are capable of eliciting 
responses, each almost exclusively directed to the par- 
ticular antigen which elicted it. 

Imm unoglobulins include both antibodies, as above 
described, and analogous protein substances which lack 
antigen specificity. The latter are produced at low lev- 
els by the lymph system and in increased levels by mye- 
lomas. 

A.1 Source and Utility 

Two major sources of vertebrate antibodies are pres- 
cnUy utilized — generation in situ by the mammalian B 
lymphocytes and in cell culture by B-ccU hybrids. Anti- 
bodies are made in situ as a result of the differentiation 40 
of immature B lymphocytes into plasma cells, which 
occurs in response to stimulation by specific antigens. In 
the undifferentiated B cell, the portions of DNA coding 
for the various regions on the immunoglobulin chains 
are separated in the genomic DNA. The sequences are 
reassembled sequentially prior to transcription. A re- 
view of this process has been given by Gough, Trends in 
Biochem ScL 6: 203 (1981). The resulting rearranged 
genome is capable of expression in the mature B lym- 
phocyte to produce the desired antibody. Even when 
only a single antigen is introduced into the sphere of the 
immune system for a particular mammal, however, a 
uniform population of antibodies does not result. The in 
situ immune response to any particular antigen is de- 
fined by the mosaic of responses to the various determi- 
nants which are present on the antigen. Each subset of 
homologous antibody is contributed by a single popula- 
tion of B cells — hence in situ generation of antibodies is 
"polyclonal**. 

This limited but inherent heterogeneity has been 
overcome in numerous particular cases by use of hy- 
bridoma technology to create "monoclonal" antibodies 
(Kohler, et al.. £ur. /. ImmunoL 6: 511 (1976)). In this 
process, splenocytes or lymphocytes from a manmial 
which has been injected with antigen are fused with a 
tumor cell line, thus producing hybrid cells or "hy- 
bridomas"* which are both immortal and capable of 
producing the genetically coded antibody of the B cell. 
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Antibodies are thus the foimdation of immuno diagnos- 
tic tests for many antigenic substances. In another im- 
portant use. antibodies can be directly injected into 
subjects suffering from an attack by a substance or or- 
ganism containing the antigen in question to combat this 
attack. This process is currently in its experimental 
stages, but its potential is clearly seen. Third, whole 
body diagnosis and treatment is made possible because 
injected antibodies are directed to specific target disease 
tissues, and thus can be used either to determine the 
presence of the disease by carrying with them a suitable 
label, or to attack the diseased tissue by carrying a suit- 
able drug. 

Monoclonal antibodies produced by hybridomas. 
while theoretically effective as suggested above and 
clearly preferable to polyclonal antibodies because of 
their specificity, suffer from certain disadvantages. 
First, they tend to be contaminated with other proteins 
and cellular materials of hybridoma. (and, therefore, 
mammalian) origin. Second, hybridoma lines producing 
monoclonal antibodies tend to be unstable and may alter 
the structure of antibody produced or stop producing 
antibody altogether (Kohler. G., et al., Proc Ami Acad, 
Sci {USA) 77: 2197 (1980); Morrison, S. L., / ImmunoL 
123: 793 (1979)). The cell line genome appears to alter 
itself in response to stimuli whose nature is not cur- 
rently known, and this alteration may result in produc- 
tion of incorrect sequences. Third, both hybridoma and 
B cells inevitably produce certain antibodies in glycosy- 
Uted form (Melchers, F., Biochemistry, 10: 653 (1971)) 
which, under some circumstances, may be undesirable. 
Fourth, production of both monoclonal and polyclonal 
antibodies is relatively expensive. Fifth, and perhaps 
most important, production by current techniques (ei- 
ther by hybridoma or by B cell response) does not per- 
mit manipulation of the genome so as to produce anti- 
bodies with more effective design components than 
those normally elicited in response to antigens from the 
mature B cell in situ. The antibodies of the present in- 
vention do not suffer from the foregoing drawbacks, 
and. furthermore, offer the opportunity to provide mol- 
ecules of superior design. 
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Even those iimnunoglobulins which lack the specific- Structural Concepts in Immunology and ^'P'"""^'}"^^- 

itv of^b^esl^useM. although over a smaUer spec- try. 2ad Ed., p. 413^36. Holt. R«nehan. Wmston 

^T^^^^lhw the antibodies themselves. In (1976)). and other cellular responses (Andrews. D. W.. 

tnim of potential 1^ ^li^tiMi^h immunoglobu- et al.. Clinical Immunobiology. pp 1-18. W. B. Sanders 

P'*^ LlS^^t^ SS^TSyX glob- 5 (1980); Kohl, S.. et al.. Immunology. 48: 187 (1983)): 

S^'lSa^'S^Sr^^SS^rr^^^ to^ind IhUc the variable region detennines the anttgen wtth 

uim reiaico iui««»^ „ the therapeutic value of which it will react 

to antigen is f J^^J'fJ'Ji^^^^,^^ B. Recombinant DNA Technology 

these protems ^°'^J.^^^^iJ^^vable in Recombinant DNA technology has reach sufficient 
'^'P'^n rf^T^m^So^^sS^^^^ 10 sophistication thatitincludesarepertoireof techniques 

quantity only from "V^^'^* "^T^'^ve. more for cloning and expression of gene sequences. Various 

duced. The present mvenuon offcn DNA S^ences^ be recombined with some facility, 

economical source It «Jo.f "^Vg^^^^^S S«5n^J^NA entities capable of producing heter- 

cancelling out specificity by mampulatmg the tour j transformed microbes and 

chains of the tettamer ..^ ^ cultures. The general means and methods for the in 
A.2 General Stnicture Chai^ti« " ^ ^JS. of vLious blunt ended or "sticky" ended 

■nc basic i^^e^f^'^^^^^^^^Q^^ of DNA, for producing expression vectors, 

systems is now weU understood^delman, ^-J^'^^ transforming organisms are now in hand. 

f^ccd. ScL. 190: 5 (1971)). The units « "^jSA^SSSn rfS^tial elements (i.e.. an 

to two identical Ught polypeptide chains of on^to of^SSn, one or more phcnotyptc selection 
w«ghtapp«,«niatdy23.aX)dal»n^ard^*^ 20 ^^^^^^^^^ control sequence, heterolo- 

heavy chains of r^"?^.*'"^* "jSt?^' con- goTS^i^ ^remainder vector) generally \s 

four chains are jomed by «^'^ff„J?"j!^^ ' fh^^r outside the host ceU. The resulting recomb.- 

figuration wherem the »>8»;» ^^fT *^tS S repUcable expression vector, or plasmid. is mtro- 
chains starting at die mouth of J, ^ y Sucedinto cells by transfonnation and large quanut.es 

through the divergent region as " ^mbinant vehicle is obtained by growing the 

"branch" portion, as there mdicated, is designated the °V ^ ^ is properly inserted with 

Feb regiorHeavy chains classified^^i^mi. ^^^JZ^bsolJ^. transcription 

alpha, delta, or epsUon, with some SrOT^latio^of the encoded DNA message, the re- 

,hem.«id the nature of th«icl^« .tj^a^^^ Sn^Son vector is useful to produce the poly- 

stant region, determmes the claM of the «>tiw»y « seauence for which the inserted gene codes, a 

IgG, IgM, IgA, IgD, or IgE. Ught chains are chasified pepd^ !5^to m "expression." The resulting prod- 

J^-thrka^^or lambda^ Each ^-vy^ cto»^ ^^J^StSS b^l^^ necessary, of the host 

lil o^L. and /"t^l" Portio^ ofthe ^o^ « catio^j^^ojf^rotei^ombi^^ 

chains are bonded to each odi« by ^^^^^ Sr^Tentirely heterologous polypeptides-so- 

linkages when the immunoglobubns are generated a- "PJ^ emSon-or altwnatively may express a 

ther by hybridomas or by B cells. However, if non- to a portion of the 
coval^t ^xnation of the chains can be eff^^ 

correct geometry, the aggregate wiU stiD be capable of 40 intended bioactive product is some- 
reaction with antig«, or of utiUty as a protem supple- ^^'^^ Z>Z^c within the fused, homolo- 
"'-Se^aTo '^S^Su^^l^the N-terminal gous/heterologous polypeptide until it is cleaved in an 
enl^r^p^^Y to Uie C-terminal end at the "H^-^^^^S^^n ^r tissue c^^^^ 
bottom of each chain. At *e N-tcnninal end « a van- 45 T^j,^ "J^'^.^ng genetics and cell physi- 
able region which is specific for the anogen wh,ch ehc- ^^''ifwdSjEh^ Ss and methods are avaii- 
i.ed iutnd is approximately 100 >«ino «nf ^ °JS^,^ cell lines, prepared by 
there being sUght variations between ^^^^^^^ ™^v^S«msfas&om isolated cells. For use in 
chain and from antibody to anobody. The variable re- '^'^"^'^^^ ^re maintained on a solid sup- 

dhain gene, which encodes about 12 amino acids, and as SUMMARY OF THE INVENTION 

a combination of "D" region and "J" J" *^ " ^ iawtation relates to antibodies and to non- 
heavy chain gene, which together encode approxi- ^^"^^oglobulins (NSIs) formed by recombi- 
mately 25 ammo acids. , ^ . . _ ,.r.«^ ,„ « Mnt techniques using suitable host ceU cultures. These 

The remaining portions of the chain are "rferred » as ^^^^^nd NSIs can be readily prepared in pure 
constant regions and within a pamcuhir ctass do not to jj""^" They can be manipulated at the 

vary with the specificity of the anubody (i.e.. the ana- 60 STroS chimeras of variants which 

gen eUating it). - ^ „ rlawe* draw their homology from species which differ from 

AS stated above, there J^^^^^JX of^ 2h o7h«. Sey «f also be ^pulated at the protein 
of constant repons ^'^l"^^ detennme «hecla«of toe «c ^ ^ ^ 

inmiunoglobuhn mo ecule agG, IgM. ^f^^'^ ^ ^^e same ceU. Thus, there are a number of "types" of 

IgE correspondmg to y.j^ «, 6 and * he^ cl^ S^unoglobulins encompassed by the invention, 

constant regions). TTie consent «f °" °' f ^^f^' p^t, immunoglobulins, panicularly antibodies, are 

mines subsequent effector "^J^f"^' prSed^g fecombinaTtechniques which mimic 

including activation of complement (Rabat, t. A., proauccu umub 
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. x^A Pin Q <ihows the results of western blots of extracts 

the amino add sequence of natundlyoccumg anulx^^ . ^^^^^ '^"jiose in HGS. 8. 

ies produced by either mammalian B cells m situ, or by of ce^ ^S^fs^d curve for ELISA assay of 

B c^lls fused with suitable immortahzmg tumor Imes. ^^^^ 

Le.. hybridomas. Second, the methods of this mvennon ^"^^jf 12 show the construction of a plasmid 

produced, and the invention is directed to. for expression of the gene encoding a chimeric heavy 

^obulins which comprise polypeptides not hitherto '°/"P^*^ 

found associated with each other m nature. Such r«sas- ■ ^^^^ ^ construction of a plasmid for ex- 

sembly is particularly useful in producmg hybnd • encoding the Fab region of heavy 
antibodies capable of binding more than one anngen; 

in oroducine "composite" immunoglobuins lo cnain. 

when^ h^^ ^ Ught cha^of different origins es- DETAILED DESCRIPTION 

sentiaUy damp out specificity. Third, by genetic mamp- ^ Definitions 

ulation. "chimeric" antibodies can be formed wherem. ^ hema. "antibodies" refers to tetramers or 

for example, the variable regions, correspond to the ^g-regates thereof which have specific immunoreactive 

amino acid sequence from one m a mma l i an model sys- ^^^^ comprising Ught and heavy chains usually 

tem. whereas the constant region nnumics the ammo acid aggregated in the "Y" configuration of FIG. 1. with or 

sequence of another. Again, the derivation of these two ^^5,^^ covalent linkage between them; "immunoglob- 

mimicked sequences may be from different sp«a«- ^jj^,.. ^^,5 to such assemblies whether or not specific 
Fourth, also by genetic manipulation, "altered" ana- ^ inanunoreactive activity is a property. "Non-specific 

bodies with improved specificity and other charactens- jnununoglobulin" ("NSI") means those immunoglobu- 

tics can be formed. . . Uns which do not possess specificity— i.e., those which 

Two other types of immunoglobulin-like moieties antibodies. ^. ^ . 

may be produced: "univalent" antibodies, which are "Mammalian antibodies" refers to antibodies wherein 

useful as homing carriers to target tissues, and "Fab ^ ^ sequences of the chains are homologous 

protons" which include only the "Fab" region of an sequences found in antibodies produced by 

immunoglobulin molecule i.e. the branches of the "V . n,ammalian systems, either in situ, or m hybridomas. 

These univalent antibodies and Fab fragments may also antibodies antibodies mimic antibodies which are 

be "mammalian" le.. mimic mammalian ammo acid otherwise capable of being generated, although m im- 

aeauences: novel assemblies of mammalian chains, or ^ f^j^^ these traditional systems, 

^eric where for example, the constant and variable "Hybrid antibodies" refers to antibodies wherem 

aeauence patterns may be of different origin. Finally. chains are separately homologous with reference mam- 

^er the Ueht chain or heavy chain alone, or portions o,alian antibody chains and represent novel assemblies 

Aereof on^uced by recombinant techniques are in- of them, so that two different antigens are precipitable 
SSS 'in the invention and may be mammalian or chi- jj by the tetramer. In hybrid antibodies, one pair of heavy 

"Z-c and Ught chain is homologous to antibodies raised 

fa other aspects, the invention is directed to DNA against one antigen, while the other pair of heavy «id 

wWch encode the aforementioned NSIs. antibodies. Ught chain is homologous to those raised agajn" an- 

and portions thereof, as weU as expression vectors or other antigen. This results m the P"P«"y, °f 

ZS^pable of effecting the production of such 40 lence" i.e.. ability to bind two anage,^ ^"n-l""^'"'^- 

S^™ ogtobulins in suitable host cells. It includes the Such hybrids may. of course also be formed using ch.- 

host cells and ceU cultures which result from transfor- meric chains, as set forth below. 

SoTwi^tSe vectors. FinaUy. the invention is "Composite" immunoglobulms means wherein 

S^^^W methods of producing these NSIs and «iti- ,he heavy and Ught chains '^o^ ^/f 

to^and the DNA sequences, plasmids. and trans- 45 species origins or specificities, and the resulmt « thus 

SnS intermediatTto them. Ukely to be a non-specific mmiunoglobulm (NSI). i.e.- 

lacking in antibody character. 

BRIEF DESCRIPTION OF THE DRAWINGS "Chimeric antibodies" refers to those antibodies 

FIG 1 is a reoresentation of the general structure of wherein one portion of each of the amino acid sequen- 

• ■ . 50 ces of heavy and Ught chains is homologous to corre- 

~ S 31iB show the detailed sequence of the sponding sequences in antibodies d^nvcd from a pan.^ 

cDNA b^rt of PK17G4 which encodes kappa anti ular species or belonging to a particular class while the 

e^A h remaining segment of the chains is homologous to cor- 

FIG a^iiows the coding sequence of the fragment responding sequences in another. Typically ui these 

ch^ in TO l^onH^Ui Ae corresponding amino 55 chimeric antibodies, the variable region of both Ught 

shovra m FIG. 2. along witn me co |~ s variable regions of anti- 

■^^Tr^B and 4C show the combined detailed bodies derived from one species of mammals, while the 


^^^^ra «A BR «,d 8C show the results of sizing gels 65 human cell preparations. WhUe the variable region has 
FIGS. 8A. 8B, and W- show ine ^esuiis 01 » » advantaae of ease of preparation, and the specificity 

run on extracts of E. col, «pre«.ng '^e gen«for ^'^^^^J ° the constant region being 

gamma chain, kappa cham. and both kappa and gamma "^^^^^^^ ^ response from 

chains, respectively. uuiiim. 
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. a human subject when the antibodies are injected than 
would the constant region from a non-human source. 

However, the definition is not limited to this particu- 
lar example. It includes any antibody in which either or 
both of the heavy or light chains arc composed of com- 5 
binations of sequences mimicking the sequences in and- 
bodies of different sources, whether these sources be 
differing classes, differing antigen rcspones, or differing 
species of origin and whether or not the fusion point is 
at the variable/constant boundary. Thus, it is possible to tO 
produce antibodies in which neither the constant nor 
the variable region mimic known antibody sequences. It 
then becomes possible, for example, to construct anti* 
bodies whose variable region has a higher specific affin- 
ity for a particular andgen, or whose constant region 15 
can elicit mhflnccd complement fixation or to ™icj» 
other improvements in properties possessed by a partic- 
ular constant region. 

''Altered antibodies" means antibodies wherein the 
amino acid sequence has been varied from that of a 20 
mammalian or other vertebrate antibody. Because of 
the relevance of recombinant DNA techniques to this 
invention, one need not be confined to the sequences of 
amino acids found in natural antibodies; antibodies can 
be redesigned to obtain desired characteristics. The 25 
possible variations are many and range from the chang- 
ing of just one or a few amino acids to the complete 
redesign of, for example, the constant region. Changes 
in the constant region will, in general, be made in order 
to improve the cellular process characteristics, such as 30 
complement fixation, interaction with membranes,- and 
other effector functions. Changes in the variable region 
will be made in order to improve the antigen binding 
characteristics. The antibody can also be engineered so 
as to aid the specific delivery of a toxic agent according 35 
to the **magic bullet" concept Alterations, can be made 
by standard recombinant techniques and also by 
oligonucleotide-directed mutagenesis techniques (Dal- 
badie-McFarland, et al Proc NaxL Acad. ScUUSA\ 
79:6409 (1982)). 40 

"Univalent antibodies" refers to aggregations which 
comprise a heavy chain/light chain dimer bound to the 
Fc (or stem) region of a second heavy chain. Such anti- 
bodies are specific for antigen, but have the additional 
desirable property of targeting tissues with specific 45 
antigenic surfaces, without causing its antigenic effec- 
tiveness to be impaired— Le., there is no antigenic mod- 
ulation. This phenomenon and the property of univalent 
antibodies in this regard is set forth in Glennie. M. J., ct 
al.. Nature. 295: 712 (1982). Univalent antibodies have 50 
heretofore been formed by proteolysis. 

"Fab" region refers to those portions of the chains 
which are roughly equivalent, or analogous, to the 
sequences which comprise the Y branch portions of the 
heavy chain and to the light chain in its entirety, and 55 
which collectively (in aggregates) have been shown to 
exhibit antibody activity. "Fab protein", which protein 
is one of the aspects of the invention, includes aggre- 
gates of one heavy and one light chain (commonly 
known as Fab*), as well as tetramers which correspond 60 
to the two branch segments of the antibody Y, (com- 
monly known as F(ab)2), whether any of the above are 
covalenUy or non-covalenUy aggregated, so long as the 
aggregation is capable of selectively reacting with a 
particular antigen or antigen family. Fab antibodies 65 
have, as have univalent ones, been formed heretofore by 
proteolysis, and share the property of not eliciting anti- 
gen modulation on target tissues. However, as they lack 


8 


the "effector" Fc portion they cannot effect, for exam- 
ple, lysis of the target cell by macrophages. 

"Fab protein" has similar subsets according to the 
definition of the present invention as does the general 
term "antibodies" or "immunoglobulins". Thus, "mam- 
malian" Fab protein, "hybrid" Fab protein "chimeric". 
Fab and "altered" Fab protein are defmed analogously 
to the corresponding defmitions set forth in the previ- 
ous paragraphs for the various types of antibodies. 

Individual heavy or light chains may of course -be 
"mammalian"; "chimeric" or "altered" in accordance 
with the above. As will become apparent from the de- 
tailed description of the invention, it is possible, using 
the techniques disclosed to prepare other combinations 
of the four-peptide chain aggregates, besides those spe- 
cifically defined, such as hybrid antibodies containing 
chimeric light and mammnlian heavy chains, hybrid 
Fab proteins containing chimeric Fab proteins of heavy 
chains associated with mammflHai^ Ugbt chains, and so 
forth. 

"Expression vector" includes vectors which are ca- 
pable of expressing DNA sequences contained therein, 
Le., the coding sequences are opcrably linked to other 
sequences capable of effecting their expression. It is 
implied, although not always expliciUy stated, that 
these expression vectors must be replicable in the host 
or g a ni s ms either as episomes or as an integral pan of the 
chromosomal DNA. Qearly a lack of replicability 
would render them effectively inoperable. A useful, but 
not a necessary, clement of an effective expression vec- 
tor is a marker encoding sequence — i.e. a sequence en- 
coding a protein which results in a phcnotypic propeny 
(e.g. tetracycline resistance) of the cells containing the 
protein which permits those cells to be readily identi- 
fied. In sum, "expression vector" is given a functional 
definition, and any DNA sequence which is capable of 
effecting expression of a specified contained DNA code 
is included in this term, as it is applied to the specified 
sequence. As at present, such vectors are frequently in 
the form of plasmids, thus "plasmid" and "expression 
vector" are often used interchangeably. However, the 
invention is intended to include such other forms of 
expression vectors which serve equivalent functions 
and which may, from time to time become known in the 
art. 

"Recombinant host cells" refers to cells which have 
been transformed with vectors constructed using re- 
combinant DNA techniques. As defined herein, the 
antibody or modification thereof produced by a recom- 
binant host cell is by virttie of this transformation, 
rather than in such lesser amounts, or more commonly, 
in such less than detectable amounts, as would be pro- 
duced by the untransformed host. 

In descriptions of processes for isolation of antibodies 
from recombinant hosts, the terms "cell" and "cell cul- 
ture" are used interchangeably to denote the source of 
antibody unless it is clearly specified otherwise. In other 
words, recovery of antibody from the "cells" may mean 
either from spun down whole cells, or from the cell 
culture containing both the medium and the suspended 
cells. 

B. Host Cell Cultures and Vectors 
The vectors and methods disclosed herein are suit- 
able for use in host cells over a wide range of prokary- 
otic and eukaryotic organisms. 

In general, of course, prokaryotes are preferred for 
cloning of DNA sequences in constructing the vectors 
useful in the invention. For example, £ coU K12 strain 
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(ATCC NO. 3.44.) Pa^c^'V -5;. Other -^rj."— 7^^^^^^^ 

nucrobial strains which may be f^^f^Lh ^ additional advanuge of transcnpt.on 

strains such as R coli B, and R coh ^^^f (ATTC Na ^^^^ ^ conditions arc the promoter 

31537). These examples are. of coui«. mtendcd to be ^^^^j dehydrogenase 2. isocytochrome C 

illustrative rather than lumtmg. » nhosohatase degradative enzymes associated with 

Prokaryotes may also be ^ f^^^^^'J^' ^^J^SliS"^ the afo«mentioned glycer-" 

aforementioned strains^ well 3^ SydeO-phosphate dehydrogenase, an enzymes re- 

X-. prototrophic ATTC No. 27325). bacUU sucn as ~°"f ^ maltose and galactose utiUzatvon 

Ba^iL sub:L and other enterobactenaceae suchj^ ^n«ble tar containing yeast- 

Salmonello typhimurium or Serratia marce^ns. and van- .0 CJo'^^Jjf;^^^^ P^gin of rcpUcation and termina- 

'^'^S"^'^^^^^^^ ^°raoTto^r^^».c^t«resofceUsde. 

~r;:Sh"^"hrcer£rJ^^^^ s-«r."S?sJc\^-rurf^^^^^^^ 

Sese hosts. The vector ordmanly « ^^'f^'", Sier f^^^ebrate or invenebrate culture. How- 
site. as weU as marking Tvw rn^t has been greatest in vertebrate cells, and 
providing phenotypic selection m transformed cells. ^ vertebrate cells in culture (tissue cul- 
^or e^Jiple. £ coli is typ.caUy tra»sf^ed ^g ^^S^^meTroutine procedure in recent years 
PBR322. a plasmid derived from an species (BoU- Academic Pres. Krusc and Patterson, 
^Sretli..G.«e2:95(1977)).pBR322contair«g«^^^^ 20 (^^^ ^"i*^-^ ^IS^^f ^^ch useful host c 
ampicillin and tetracycline resistance '^^^^^^ S^RO L Hell cells. Chinese hamster ovary 
easy means for identifymg ""^f^™*^. 5*J^^^ ]j! ?SlO) Su toes, and W138. BHK. COS-7 and MDCK 
pBR322 plasmid. or other microb|al Pl^stitd mu« a^so ^^^^'^^j^n vectors for such cells ordinarily 
Lntain. or be modified to contam. P«»«<««« ^^^^jl ^^"(if^^) an origin of replication, a pro- 
can be used by the microb«l o'B"^" '''P"^ ^oter loSt^tofroit of the gene to be expressed, along 
its own proteins. Those promot«s most commoiJy t^ am^ecessary ribosome binding sites. RNA sphce 
trSSS^r^"'^-^ ?^ r^^^lyadSTdon site, and transcriptional termina- 

(Chang « al. ^''"''^^j;'']^]!^^'^ ilC^lst 30 "'VS'i^rmamn.alian cells, the control functions on 
Science. 198: 1056 (1977): (Goeddel. et al Nature K\. 30 '^o'J^j ^^j^^ often provided by viral mate- 
544 (1979)) and a «yP«opban (M P~"^°^»>|^ S FoTl^ple. commonly iLd promoters are de- 
(Goeddel, et al. Nucleic Actds Res., 8: -WSJ 0980)^ tru nai . Adenovirus 2, and most frequently 

Appl Publ No. 0036776). While these »«t com^ s£n V^ 40 ^40). The early and late promoters 

monly used, other microbial promoters have been d^ „?^4o ^ are particularly useful because both are 
coveredandutilized,anddetaikconcenimgtheiriiucle^ 35 SftirS^vinis as a fragment which also 

otide sequences have been Published ««a,hng a obu^ SSv5S vS origin of reptoition (Fiers. e. 

woriter to Ugate them funcnon^y with plasmid vectors '^''^^y'^. (1978)) ^corporated herein by ref- 
(Siebenlist,etal,CW/20:269(l980)). I^r^SLaUer or larger SV40 fragments may also be 

In addition to prokaryates. eului^ouc ""crobesji^h ^«p^^\°^iTmcluded the approximately 250 
as yeast cultures may also be used. 5«cAa«m,*« ce«T.- « ^P~;^^^~ ^^'^j^ ^^m the Hind III site toward the 
siZ, or common baker's yeast is the most commo«»y ^.f^^^^ ^^^'^ in the viral origin of repUcation. Fur- 
among eukaryotic '"«=«»^8«7^j5S^8^o^ J^l h U S^ssible. and often desirable, to ut.hze 
number of other strams are ^ "^TS^^ for Sot« or octroi sequences normally assocuited 

expression in Saccharomyces, the Pbisnud for P^^^f «. provided such control 

example. (Stinchcomb, et al, Namre.2i2-. 39 (1979). 45 ^'^J^^°^ ^.^i^ ^uh the host cell systems. 
Kingsman et aJ G.r.e. 7: 141 'VlJ^'!^''!^ "Tr^gToSication may be provided either by 
Gene. 10: 157 ( . ; ■.:•)( is commonly used. This plasrma ^ ° ? ^ ^ ^^^,0^ to include an exogenous 
already contau> . :.-.e trpl gene which P~vig » f Tn^S as lay be derived from SV40 or other viral 
tion marker fcr . mutant stnun of y«^» 'fiPS;^* ^ ?e |^o?yoma, Ad«o. VSV. BPV. etc.) source, or may 
abUity to grow in tryptophan, for «f»P|« ^I^f ^ S^orovidedby the host cell chromosomal replication 
44076 or PEP4-1 (Jones, Geneacs. 85: 12 d'TJ). J^e is integrated into the host cell 

presence of the trpl lesion as * characten«.c of tl^yeas ^^^^^J/^^ often sufTicient. 

host ceU genome then provides an ^ ^e understood that this invention, although 

ment for detecting transforniauon by growth m the ^^Jj^ , preferred embodiment, 

absence of tryptophan. construed as Umited to those host cells, 

glucokinase. In constructing suitable e«Pr«sion ptas- j^^tic cells or cells which contain substantial 


of transfection is calcium treatment using calcium chlo- 
ride as described by Cohen, F. N. ct al Proc NatL Acad. 
ScL (05^X 69:2110(1972). 

C. 2 Vector Construction 

Construction of suitable vectors containing the de- 5 
sired coding and control sequences employ standard 
ligation techniques. Isolated plasmids or DNA frag- 
ments are cleaved, tailored, and religated in the form 
desired to form the plasmids required. The methods 
employed are not dependent on the DNA source, or 10 
intended host 

Qeavage is performed by treating with restriction 
enzyme (or enzymes) in suitable bufTer. In general, 
about 1 fig plasmid or DNA fragments is used with 
about 1 unit of enzyme in about 20 ^1 of buffer solution. 13 
(Appropriate buffers and substrate amounts for particu- 
lar restriction enzymes are specified by the manufac- 
turer.) Incubation times of about 1 hour at 37** C. are 
workable. Alter incubations, protein is removed by 
extraction with phenol and chloroform, and the nucleic 20 
acid is recovered from the aqueous fraction by precipi- 
tation with ethanol. 

If blunt ends are required, the preparation is treated 
for 15 minutes at 15* with 10 units of £. colt DNA Poly- 
merase I (Klenow), phenol-chloroform extracted, and 23 
ethanol precipitated. 

Size separation of the cleaved fragments is performed 
using 6 percent polyacrylamide gel described by Goed- 
del, D., et al, Nucleic Adds Res,, 8: 4057 (1980) incorpo- 
rated herein by reference. 30 

For ligation, approximately equimolor amounts of 
the desired components, suitably end tailored to pro- 
vide correct matching are treated with about 10 units 
T4 DNA ligase per 0.5 ^g DNA. (When cleaved vec- 
tors are used as components, it may be useful to prevent 33 
religation of the cleaved vector by pretreatment with 
bacterial alkaline phosphatase.) 

In the examples described below correct ligations for 
plasmid construction are confirmed by transforming E. 
coli K12 strain 294 (ATCC 31446) with the ligation 40 
mixture. Successful transformants were selected by 
ampicillin or tetracycline resistance depending on the 
mode of plasmid construction. Plasmids from the trans- 
formants were then prepared, analyzed by restriction 
and/or sequenced by the method of Messing, et al, 43 
Nucleic Acids Res,. 9: 309 (1981) or by the method of 
Maxam, et al. Methods in Enzymology, 63: 499 (1980). 

D. Outline of Procedures 
D.l Nfammalian Antibodies 

The first type of antibody which forms a part of this 30 
invention, and is prepared by the methods thereof, is 
**mammalian antibody**-one wherein the heavy and 
light chains mimic the amino acid sequences of an anti- 
body otherwise produced by a mature mammalian B 
lymphocyte either in situ or when fused with an immor- 33 
taliTcd cell as part of a hybridoma culture. In outline, 
these antibodies are produced as follows: 

Messenger RNA coding for heavy or light chain is 
isolated from a suitable source, either mature B ceils or 
a hybridoma culture, employing standard techniques of 60 
RNA isolation, and the use of oligo-dT cellulose chro- 
matography to segregate the poly-A mRN A.. The poly- 
A mRNA may, further, be fractionated to obtain se- 
quences of sufficient size to code for the amino acid 
sequences in the light or heavy chain of the desired 6S 
antibody as the case may be. 

A cDNA library is then prepared from the mixture of 
mRNA using a suitable primer, preferably a nucleic 
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acid sequence which b characteristic of the desired 
cDNA- Such a primer may be hypothesized and synthe- 
sized based on the amino acid sequence of the antibody 
if the sequence is known. In the alternative cDNA from 
unfractionated poly-A mRNA- from a cell line produc- 
ing the desired antibody or poly-dT may also be used.- 
The resulting cDNA is optionally size fractionated on 
polyacrylamide gel and then extended with, for exam- 
ple, dC residues for annealing with pBR322 or other 
suitable cloning vector which has been cleaved by a 
suitable restriction enzyme, such as Pst I, and extended 
with dG residues. Alternative means of forming cloning 
vectors containing the cDNA using other tails and 
other cloning vector remainder may, of course, also be 
used but the foregoing is a standard and preferable 
choice. A suitable host ceil strain, typically £. coli, is 
transformed with the annealed cloning vectors, and the 
successful transformants identified by means of, for 
example, tetracycline resistance or other phenotypic 
characteristic residing on the cloning vector plasmid. 

Successful transformants are picked and transferred 
to microtiter dishes or other suppon for further growth 
and preservation. Nitrocellulose filter imprints of these 
growing cultures are then probed with suitable nucleo- 
tide sequences containing bases known to be comple- 
mentary to desired sequences in the cDNA. Several 
types of probe may be used, preferably synthetic single 
stranded DNA sequences labeled by kinasing with 
ATP^2. The cells fbied to the nitrocellulose filter are 
lysed, the DNA denatured, and then fixed before reac- 
tion with kinased probe. Qones which successfully 
hybridize are detected by contact with a photoplate, 
then plasmids from the growing colonies isolated and 
sequenced by means known in the art to verify that the 
desired portions of the gene are present 

The desired gene fragments are excised and tailored 
to assure appropriate reading frame with the control 
segments when inserted into suitable expression vec- 
tors. Typically, nucleotides are added to the 3' end to 
include a start signal and a suitably positioned restric- 
tion endonuclease site. 

The tailored gene sequence is then positioned in a 
vector which contains a promoter in reading frame with 
the gene and compatible with the proposed host cell. A 
number of plasmids such as those described in U.S. Pat. 
Nos. 4,663,283 and 4,456.748 and pending U.S. Scr. No. 
291,892, have been described which already contain the 
appropriate promoters, control sequences, ribosome 
binding sites, and transcription termination sites, as well 
as convenient markers. 

In the present invention, the gene coding for the light 
chain and that coding for the heavy chain are recovered 
separately by the procedures outlined above. Thus they 
may be inserted into separate expression plasmids, or 
together in the same plasnud, so long as each is under 
suitable promoter and translation control. 

The expression vectors constnicted above are then 
used to transform suitable cells. The light and heavy 
chains may be transformed into separate cell cultures, 
either of the same or of differing species; separate plas- 
mids for light and heavy chain may be used to co-trans- 
form a single cell culture, or, finally, a single expression 
plasmid containing both genes and capable of express- 
ing the genes for both light and heavy chain may be 
transformed into a single cell culture. 

Regardless of which of the three foregoing options is 
chosen, the cells are grown under conditions appropri- 
ate to the production of the desired protein. Such condi- 
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rather U.an by nature of the desiredTrotei^ "^e ^tZt^t'j ^""o- 
proteu, thus produced is then recovered from Ae ceU Iv.t^ h.f n>od«fied by polyalanylation of its 

culture by methods known in the an. buT chSce of 5 fcu^'S'" '^""P'"' '^c sep^^ 

whichisnecessarilydependentontheformiiwS:^ Jj^n rH^"'' 

proton is expressed For exam 1 * ' upon reoxiaation (ibid). 

mature heterologous' proteins cxl^VT^uVZ J^I^^^V'^"'^^' immunoglobulin' 

deposited within the cells as insSS^p^cl« wUct ^mbi^r"^T"'''"!'°"*"°°^^'^^^^^ 
require cell lysis and solubilization in dSSt^rto 10 ^^S^v ° T^'^ Tr"^"^ '"^8 material was 

permit recovery. On the other han^ prS^dS Be ?sSo^^ sulf.tolysis. thus generating thiol- 

proper synthesis circmstances. in yeast and bacS „«„ r^!^ ? l^."*^ " P~t«in- 

strains, can be secreted into the mediWiyS^Sm n™» O^fn brj^g disulfides (Chahce et al. (su- 

positive bacteria) or into the periplasn^clJLS SL?^ ' su^fitolysis is a mild disulfide cleavage 
negative b«^ria) allowing r^very by^ch^ ,5 ^^^IT- n ^ c" "l^: 

procedures. Tissue culture ^ells as hoLiLoTp^ b " "*°"^'.^.'^'"^° ^"ich ii 

general, to permit reasonably facile recoverJ^of^o? "o^' «e«>tle than reduction (Wetzel. R 

ogous proteins. ^ ' '^'^'^''^ of heterol- BuKhemistry. submitted (1983)). and which generates 

When heavy and Ught chain are coexoressed in th* wl!!?""'"'" ^^Posed w mUd re- 

same host, the isoMon procedu?^ isTJSo as^o 20 ^^^X TJ'^r^ ^"^^"^"^ refomution c^ 
recover reconstituted antibody, "mis cafS Tw^ thiol-disulfide mterchange (Morehead. H.. et 

plished in vitro as described below, or m^t b^ STe tn Z Z"^' O'")). In the present inven- 

m vivo in a microorganism which s^reteTthTl^r ^ ^^"'y. S-suifonates generated by 

chains out of the red'ucing envSonm«."o?the c^*2 ^^Stion IS'/t reconstituted t^Uizing boS 
ptasm. A more detailed description is given in D.t 25 d^uJf^de S^nH^„ tteol-disiUfide mterchange to drive 
below. m 25 ats^fidc bond formation. The general procedure is set 

D.2 Chain Recombination Techniques ^''^ ^o. 4.599.197 incorporated 

TTie ability of the method of the invention to produce reference, 
heavy and Ught chains or portions therS?i^^^S^ £i«^«h^"°""? by Recombinant Technology 
from each other offers the opportunity to obtainu^ue 30 n i ?hh ri« '^^'^ ^ P^8"'P'« D. 1 and 

and unprecedented assembuSofimmino^onrFab effiri^t ^ operations which were utilized to gain 
regions, and univalent antibodies Such n«^. « Production of mammalian antibody can be 

require the use of techS^qu^tr r22m'b^S^ "-^^t- straightforward and simp.eTa^ 

chams. Such means are known in the aa ^d h ^ f^ -^""^ °^ modifications of this basic anti- 

appropnate to review them here „ ^ variations are inherent in the use of 

While single chain disulfide bond containing proteins 77^^!^^^°^' '^^} P^"" 
have been reduced and reoxidized to regcnerateTu^ !^ ^ s«l"ences in normally 

yjeldnativestn.ctureandactivity(FreS; R B 15 ">^mmahan im^^ chains, and 

Proie.n^ 1: 157-212(1980) Academic Press. NY?S^,f 40 STo^J^^^ vanauons. as well as in its potential for 
•ns which consist of discontinuous pol^tide cCs !^"°™^'^'^*P*«fi^P«>d"<=tionofdesired scarce, and 
held together by disulfide bonds arTm'S^SScir^ herTi^^S,^^. '"""f"'"- "^^ ""^"^"^ ^ 
reconstruct in vitro after reductive deavageXSu a S„« .^h ,t '° P«^"««ion of individual 

cameo case, has received much experim^t^ 7^^^ chams, and thus create novel assemblies, 
over the years, and can now be r^onstructed » effi" 45 strSS'ofT m^pulations permit recon- 

ciently that an industrial process has been bdlt "o„nd sSon of """"^ P'°*=«* °f 

it (Chance. R. E.. et al.. In Peptides: ProceeZj^X '"^^ reconstruction can 

Annual American Peptide Symposium ^cL D SLT^*^ «o produce new coding sequences for 
H. and Gross, E. eds.) 721-728. Pier^SS Co " S^rTf°."'"' 1 ."^r^" "tibodies or iti^munoglob- 
Rockford. IL. (1981)). »-n«mcaJ Co.. ulins. As discussed m further detaU below, the ccxling 

Immunoglobulin has proved a more difficult problem dTri^H 1* f""^^ heavy chain may not be 

than msul n. TTie tetramer is stabilized int« and inte" JLnt^if ' °' » ^P'^ies. 

molecularly by 15 or more disulfide bonds It has be^ !. °^ * can be recovered by the 

possible to recombine heavy and Ughf^SaLs cS^^S ^S"" 1^"*^ ^ °- ' P^o's of 

by ctovage of only the interchain disuK t^S 55 ^na'hvh'H hybridom^ human- 

antibody activity even without restoration of the S« '»"™« hybndomas. or B celU differentiated in response 
Cham disulfides (Edehnan. G. M., etT S Se ^url*°"^" k*^'*"«~- P°™°^ 
Acad Sci (USA) 50: 753 (1963)). In additST active ^rJ^TT^ m «ch case can be recovered using the 
fragments of IgG formed by prot^Iysis^ab fra^a i"^^'" techniques described in D.l and 

of -50.000 MW) can be s'plit into thei; fSy^uc«^ 60 uTaS"^^^ """'""I"" "^'"8 the same 

heavy cham and light chain components and faS eS of th^^^ ^ '"P'oyed for ponions 

cientiy reconstructed to give active antibodv riLhLr w. ^""««:e. Such chimeric chains can 

E.. Pr^ Na,L Acad. ScL (USA) 52: |^ ^.T'™'?"' f ""^ '^"^'^ '^"^th; hence, for^x^ 

ney. P. L.. et al.. Proc NatL Acad ScL(USM S^T2i ^°™P'"! ^''"'^ =^ ^ constructed, or only 

(1965)). Attempts to reconstituteTcJ^e Sy from 65 ^T^"'"^^'" 

ftUly reduced native IgG have been lareelv ^irJ^^^Z '^'^}^'°^ area of flexibility which arises from 

'AryMiya,^,„i„Mmt,^faJJ.^S^^ ilT.J'lJT^'r'"' '«i>»i<i"«s '«»io from ,1, 
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of heavy and light chain in the same culture, and to 
prevent reconsiitution oAhe antibody or immunoglobu- 
lin aggregation until the suitable components are asscm- 
bed. Thus, while normal antibody production results 
automatically in the formation of " mammalian antibod- 5 
ics" because the light and heavy chain portions are 
constructed in response to a particular determinant in 
the same ceil, the methods of the present invention 
present the opportunity to assemble entirely new mix- 
tures. Somewhat limited quantities of **hybrid" antibod- ^0 
ies have been produced by "quadromas" i.e., fusions of 
two hybridoma cell cultures which permit random as- 
semblies of the heavy and light chains so produced. 

The present invention permits a more controlled _ 
assembly of desired chains, either by mixing the desired 
chains in vitro, or by transforming the same culture 
with the coding sequences for the desired chains. 

D.4 Composite Immunoglobulins 

The foregoing procedure, which describes in detaU ^ 
the recombinant production of mnrnmalian antibodies is 
employed with some modifications to construct the 
remaining types of antibodies or NSIs encompassed by 
the present invention. To prepare the particular ein- 
bodiment of composite non-specific immunoglobulin 
wherein the homology of the chains corresponds to the 
sequences of immunoglobulins of different specificities, 
it is of course, only necessary to prepare the heavy and 
light chains in separate cultures and reassemble them as 

desired. . r i. ^ 

For example, in order to make an anti-CEA ugnt 
chain/anti-hepatitis heavy chain composite antibody, a 
suitable source for the mRN A used as a template for the 
light chain clone would comprise, for instance, the anti 
CEA producing cell line of paragraph E, 1 . The mRN A 33 
corresponding to heavy chain would be derived from B 
cells raised in response to hepatitis infection or from 
hybridoma in which the B cell was of this origin. It is 
clear that such composites can be assembled using the 
methods of the invention almost at will, and are limited 40 
only by available sources of mRNA suitable for use as 
templates for the respective chains. All other features of 
the process are similar to those described above. 
D.5 Hybrid Antibodies 

Hybrid antibodies are particularly useful as they arc 45 
capable of simultaneous reaction with more than one 
antigen. Pairs of heavy and light chains corresponding 
to chains of antibodies for different antigens, such as 
those set forth in paragraph D.4 are prepared in four 
separate cultures, thus preventing premature assembly 50 
of the tetramer. Subsequent mixing of the four sepa- 
rately prepared peptides then permits assembly into the 
desired tetramcrs. While random aggregation may lead 
to the formation of considerable undesired product, that 
portion of the product in which homologous light and 35 
heavy chains arc bound to each other and mi s m a t ched 
to another pair gives the desired hybrid antibody. 

D.6 Chimeric Antibodies 

For construction of chimeric antibodies (wherein, for 
example, the variable sequences are separately derived 60 
from the constant sequences) the procedures of para- 
graph D-l and D.2 are again applicable with appropri- 
ate additions and modifications. A preferred procedure 
is to recover desired portions of the genes encoding for 
parts of the heavy and light chains from suitable, differ- 65 
ing, sources and then to religate these fragments using 
restriction endonucleascs to reconstruct the gene cod- 
ing for each chain. 


For example, in a particular preferred chimeric con- 
struction, portions of the heavy chain gene and of the 
light chain gene which encode the variable sequences of 
antibodies produced by a murine hybridoma culture are 
recovered and cloned from this culture and gene frag- 
ments encoding the constant regions of the heavy and 
light chains for human antibodies recovered and cloned 
from, for example, human myeloma cells. Suitable re- 
striction enzymes may then be used to ligate the vari- 
able portions of the mouse gene to the constant regions 
of the human gene for each of the two chains. The 
chimeric chains are produced as set forth in D. I, aggre- 
gated as set forth in D.2 and used in the same manner as 
the non-chimeric forms. Of course, any splice point in 
the chains can be chosen. 

D. 7 Altered Antibodies 

Altered antibodies present, in essence, an extension of 
chimeric ones. Again, the techniques of D.l and D.2 are 
applicable; however, rather than splicing portions of the 
chain(s), suitable amino acid alterations, deletions or 
additions are made using available techniques such as 
mutagenesis (supra). For example, genes which encode 
antibodies having diminished complement fixation 
properties, or which have enhanced metal binding ca- 
pacities are prepared using such techniques. The latter 
type may, for example, take advantage of the known 
gene sequence encoding metalothioncin II (Karin, M., 
ct al.. Nature. 299: 797 (1982)). The chelating properties 
of this molecular fragment are useful in carrying heavy 
metals to tumor sites as an aid in tumor imaging (Schein- 
berg. D. A., et al.. Science. 215: 19 (1982). 
D.8 Univalent Antibodies 

In another preferred embodiment, antibodies are 
formed which comprise one heavy and light chain pair 
coupled with the Fc region of a third (heavy) chain. 
These antibodies have a particularly useful propeny. 
They can, like ordinary antibodies, be used to target 
antigenic surfaces of tissues, such as tumors, but, unlike 
ordinary antibodies, they do not cause the antigenic 
surfaces of the target tissue to retreat and become non- 
receptive. Ordinary antibody use results in aggregation 
and subsequent inactivation, for several hours, of such 
surface antigens. 

The method of construction of univalent antibodies is 
a straightforward application of the invention. The gene 
for heavy chain of the desired Fc region is cleaved by 
restriction enzymes, and only that ponion coding for 
the desired Fc region expressed. This portion is then 
bound using the technique of D.2 to separately pro- 
duced heavy chain the desired pairs separated from 
heavy/heavy and Fc/Fc combinations, and separately 
produced light chain added. Pre-binding of the two 
heavy chain portions thus diminishes the probability of 
formaion of ordinary antibody. 

D. 9 Fab Protein 

Similarly, it is not necessary to include the entire gene 
for the heavy chain portion. All of the aforementioned 
variations can be superimposed on a procedure for Fab 
protein production and the overall procedure differs 
only in that that portion of the heavy chain coding for 
the amino terminal 220 amino acids is employed in the 
appropriate expression vector. 

E. Specific Examples of Preferred Embodiments 
The invention has been described above in general 

terms and there follow several specific examples of 
embodiments which set forth details of experimental 
procedure in producing the desired antibodies. Example 

E. I seu forth the general procedure for preparing anti 
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CEA antibody components, i.e. for a **mammalian anti- 
body" Example E.3 sets forth the procedure for recon- 
stitution and thus is applicable to preparation of mam- 
malian, composite, hybrid and chimeric immunoglobu- 
lins, and Fab proteins and univalent antibodies. Exam- 
ple E.4 sets forth the procedure for tailoring the heavy 
or light chain so that the variable and constant regions 
may be derived from different sources. Example E5 
sets forth the method of obtaining a shortened heavy 
chain genome which permits the production of the Fab 
regions and, in an analogous maimer. Fc region. 

Hie examples set forth below are included for iUus- 
trative purposes and do not limit the scope of the mven- 

tion. , ^. 

El Constrtiction of Expression Vectors for Murme 
anti-CEA Antibody Chains and Peptide Synthesis 

Carcinocmbryonic antigen (CEA) is associated with 
the surface of certain tumor cells of human ongm 
(Gold, P.. ct ai., / Exp, Med. 122: 467 (1965)). Antibcxi- 
ics which bind to CEA (anti-CEA antibodies) are useful 20 
in early detection of these tumors (Van Nagell T. R., ct 
al.. Cancer Res. 40: 502 (1980)). and have the potential 
for use in treatment of those human tumors which ap- 
pear to support CEA at their surfaces. A mouse hy- 
bridoma ceU line which secretes anti-CEA annbodies of 23 
the IgYi class, CEA.66-E3, has been prepared as de- 
scribed by Wagener, C, et al.. / ImmunoL (m press) 
which is incorporated herein by reference, and was 
used as mRNA source. The production of anti CEA 
antibodies by this cell line was determined. The N-ter- 
minal sequences of the antibodies produced by these 
cells was compared with those of monoclonal anti CEA 
as follows. Purified IgG was treated with PCAsc (Po- 
deU, D. N.. et al.. BBRC 81: 176 (1978)). and then disso- 
dated in 6M guanidine hydrochloride. 10 mM 2-tner- 
captocthanol (l.O mg of immunoglobulin, 5 min, 100 C. 
water bath). The dissociated chains were separated on a 
Waters Associates alkyl phenyl column using a liner 
eradicnt from 100 percent A (0.1 percent TFA-water) 
to 90 percent B (TFA/HzO/MeCN 0.1/9.9/90) at a 40 
flow rate of 0.8 ml/min. Three major peaks were eluted 
and analyzed on SDS gels by silver staining. The first 
two peaks were pure Ught chain (MW 25.000 daltons), 
the third peak showed a (7:3) mixture of heavy and light 
chain. 1.2 nmoles of Ught chain were sequenced by the 45 
method of Shively. J. E., Methods in Enzymology, 79: 31 
(1981), with an NH2-terminal yield of 0.4 nmoles. A 
mixture of heavy and Ught chains (3 nmoles) was also 
seaucnced. and sequence of Ught chain was deducted 
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percent, and nuclei removed by centnfugaiion. After 
addition of SDS (pH 7.4) to 1 percent fmal concentra- 
tion. the supernatant was extracted twice wuh 3 m 
portions of phenol (redistUled)/chlorofonn:isoamyl 
alcohol 25:1 at 4* C. The aqueous phase was made 0.2M 
in Naa and total RNA was precipitated by addition of 
two volumes of 100 percent cthanol and overnight stor- 
age at -20" C. After centrifugation, poly A mRNA was 
purified from total RNA by oUgoKlT cellulose chroma- 
tography as described by Aviv and Leder. Proc. .\ai L 
Acad Sci {USAl 69: 1408 (1972). 142 ^g of polyA 
mRNA was obtained from 1 g cells. 

E 1 2 Preparation of £1 coli Colony Library Contain- 
ing Piasmids with Heavy and Light DNA Sequence 

Inserts , . 

5 lig of the unfractionated poly A mRNA prepared in 
paragraph E. 1.1 was used as template for oligo-dT 
primed preparation of double-stranded (ds) cDNA by 
standard procedures as described by Gocddel ct aL. 
Nature 281: 544 (1979) and Wickens et al.. / BioL Chem. 
253: 2483 (1978) incorporated herein by reference. The 
cDNA was size fractionated by 6 percent polyacryl- 
amide gel electrophoresis and 124 ng of ds cDNA 
greater than 600 base pairs in length was recovered by 
clectroelution. A 20 ng portion of ds cDNA was ex- 
tended with deoxy C residues using tcrmmal deoxynu- 
cleotidyl transferase as described in Chang et al.. Nature 
215' 617 (1978) incorporated herein by reference, and 
annealed with 200 ng of the plasmid pBR322 (BoUvar et 
al Gene 2: 95 (1977)) which had been cleaved with Pst 
I ^d tailed with deoxy G. Each annealed mixture was 
then transfonned into EL coli K12 strain 294 (ATCC No. 
31446). Approximately 8500 ampicUlin sensitive, letra- 
cycUne resistant transformants were obtained. 
E.1.3 Preparation of Synthetic Probes 
The 14 mer, 5'GGTGGGAAGATGGA 3' comple- 
mentary to the coding sequence of constant region for 
mous MOPC21 kappa chain which begins 25 basepairs 
3' of the variable region DNA sequence was used as 
kappa chain probe. A 15 mer. 5'GACCAGGCATC. 
CCAG 3'. complementary to a coding sequence located 
72 basepairs 3' of the variable region DNA sequence for 
mouse MOPC21 gamma chain was used to probe 
gamma chain gene. 

Both probes were synthesized by the phosphoinester 
method described in German Offcnlegungschnft No. 
2644432, incorporated herein by reference, and made 
radioactive by kinasing as follows: 250 ng of deox- 
yoligonucleotide were combined in 25 ^1 of 60 mM Tns 


sequenced, and sequence of Ugnt cnam was ^^^^^^ Hri 7nH W MgQ:, 15 mM bcta-mercaptoe 
from the double sequence to yield the sequence of the 50 HCl (pH 8^^^ 10 tnM MgO: 


heavy chain. , 

In the description which follows, isolation and ex- 
pression of the genes for the heavy and light chains for 
anti CEA antibody produced by CEA.66-E3 are de- 
scribed. As the constant regions of these chains belong 
to the gamma and kappa families, respectively. "Ught 
chain" and "kappa chain", and "heavy chain" and 
"gamma chain", respectively, are used interchangeably 

below. A ■ i-TTA 

E.1.1 Isolation of Messenger RNA for Ana CtA 
Light and Heavy (Kappa and Gamma) Chains 

Total RNA for CEA.66-E3 ceUs was extracted essen- 
tially as reported by Lynch et al. Virology, 98: 251 
(1979). Cells were pelleted by centrifugation and ap- 
proximately 1 g portions of pellet resuspended in 10 ml 
of 10 mM NaCl, 10 mM Tris HCl (pH 7.4). 1.5 mM 
MgCl2. The resuspended cells were lysed by addition of 
non-ionic detergent NP-40 to a final concentration of I 
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thanol, and 100 ^iCi (y-^^p) aTP (Amersham, 5000 
Ci/mMole). 5 units of T4 polynucleotide kinase were 
added and the reaction was allowed to proceed at 37' C. 
for 30 minutes and terminated by additon of EDTA to 

20 mM. ^ ^ 

E.1.4 Screening of Colony Library for Kappa or 
Gamma Chain Sequences 

^2000 colonics prepared as described in paragraph 
E.1.2 were individually inoculated into wells of mi- 
crotitre dishes containing LB (Miller, Experiments in 
Molecular Genetics, p. 431-3, Cold Spring Harbor 
Lab., Cold Spring Harbor. N.Y. (1972)) + 5 ftg/ml tet- 
racycline and stored at -20* C. after addition of 
DMSO to 7 percent. Individual colonies from this 
library were transferred to duplicate sets of Schleicher 
and Schuell BA85/20 nitrocellulose filters and grown 
on agar plates containing LB-f 5 ^g/ml tetracycline. 
After - 10 hours growth at 37* C. the colony filters 
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were transferred to agar plates contaimne LB + 5 Piacm.H nwA ■ ■ ^^P 

Mg/ml tetracycline and 12.5 Jg/ml chlorZhicol aJd ^^L ^^^^^^ ^'T ''^"^^ "ansformants 

reincubated overnight a. 37' C TT.e DNA f^m e^h l^S^ Ss sub^^Tp""? ^""^ ^^"^ 

colony was then denatured and fixed to the filt<.r hv = . ^\ *"''J«'«1 «<> Pst I restncuon endonuclease 

modificaUon of the GrunstSn-HoS^ proSdure a! 5 ^ ''r"'^ ^ P'^"^** ^^^As demon- 

described in Grunstein et X ?J^^a,Z^ J I^^^r " a '"l*"' "^^'^ '""S'"*"" 

(USA) 72: 3961 (1975). incorr^ra^ hSrin by refe fer l fimher study. Nucleotide sequence coding 

ence. Each filter was noatedforT o„ 0 ^' « ^.""^ teamma-l) chain, shows an Ncol re- 

NaOH. 1.5M NaQ to lyse thTcofonilrd J^ture^e v'^b.f'T 

DNA then neutraliTed by floating for 15 minut« on 3M 10 ^ ^ ''S*""- S''*^'"' P'^^^id 

NaO, 0.5M Tris HCl {^H 7.5). Tne fUt^ w^ th» ?„ were d.g«tedw,th both PstI and Ncol and sized 

floated for an addition^ I5.ninute onTxSS^ Z If^ '^'^^Tf''- ^^^V^ ^^^wed identiflcation 

subsequenUy baked for 2 hours inln C vSu^ P'««°'d DNAs that contain Ncol ^ 

oven. The fdter, were prehybridized for ~2 '"^ demonstrate 

room temperature in 0.9M NaO. Ix Deahardts. 100 • T '° 

mM Tris HQ (pH 7.5). 5 mM Na-EDTATlmM ATP '"""^ anti-CEA heavy chain. 

IM sodium phosphate' (dibasic). 1 STso^^ aboatTsoot'^n^'*'"*' " "^^^^ °' 

phosphate. 0.5 percent NP-W. and 200 ug/mT/ 1,^''^ ^""^ mformation for the 5' 

t-RNA. and hybridized in the Ume soh^tiof ^eSi^hl ^nT^ N-««=r- 

cssentially as described by Wallace ^^ Nu2T& ^ ^i^sTr f ^^"7 ^^^^ '^'^ 

Research 9: 879 (1981) using ~40x 106cpm of ™ the C-termmd sequence for mouse anti-CEA 

kinased kappa or gamma probe describe X,ve ' ^^'^ ^^''^ fro™ other 

After extensive^mhLg at 37^ to 6X SSC 0 I n with Pstl and Ncol. The C-termi- 

pcrcent SDS. the filters w«e expoS To K«S^ "^.^^ °f PY«> was sequenced 

X-ray film with DuPont LightKpSs i^i^. " ^u^T" '° ^"'^.^he "op codon. 3' untrLslated 

screens from 16-24 hours at C. Ap"roSr20 S^m p'i f °' 

colomes which hybridized with kappa chain orobe anrf ptJ- / . 

20 which hybridized with gammT dS^,SS^w« m^ L^^X T'""**' °' 

characterized. ^ an^-CEA heavy cham (as determined by the 

E.1.5 Characterization of Colonies which Hybridize ^ ^^wT^ ^!j«ifJf™i^tion "nethod of Smith, 

to Kappa DNA Sequence Probe "ybndize ^«A«i, e„^„oL. 65: 560 (1980)) and FIG. 5 includes 

Plasmid DNAs isolated from several difr««,f thettanslated sequence, 

formanu which hybridS^dTka^rSTSL^ del^° 1? ^T** °' «^ ' ^^^^^ ^^^ain) 
cleaved with Pst I and fractionatS by^My^SS^ cnr^ " nucleotide sequence of the py298 
gel electrophoresis (PAGE).^ aS,K^„ " '='5^^,'^ ^'""Pond* Perfectly to the first 23 N^ter- 
strated that' a numb^ of pL^ I^STcoS^' c^ TT° '^^^ anti-CEA gamma 1 

cDNA inserts large enough to encode fSl kn«h S^S determmed by ammo acid sequence analysis of 

chain. TUc complete nucleotide sequence ortS cDNA ^ T T<"^^ «=«»ing 

insert of one of these plasmids de^adned bv ,h. ^ °^ " «»sepairs or 19 amino acids of 

dideoxynudeotide chain terminadon ™Xj ^ « L'^""^ '««*Pai" or 447 amino acids of 

scribed by Smith. Methods EnzymoL 65 560 09M) t: ^IZ/^xT- "^f^ «»>glycosola,ed protein 
corporated herein by referencekfter sub^lo^g .^L,^ ^JnalX ^' ""Tt^" °^ 
Hon endonuclease cleavage fragments into M?3 mcludmg a p region of 12 amino acids, and a J4 joining 

(Messing et al.. Nucleic ^ciSwrA 9 3i5 IIC "^^ « 22! 

FIG. 2 shows the nucleotide sequent of ioNA J^*^6tJ«f ""^ ^"'l 

•luert of PK17G4 and FIG. 3 stows the gene LJuence dJiv^^ v ^ "^translated sequences up to the 
with the corresponding amino acid seq^S^^^^h' ^ H hSS°^ T^' probe used to identify py298 and 
entire coding region of mouse anti-CEA l^oDa^hiin ^^J^"*^ to nucleotides 528-542 (FIG. 4). 

was isolated on Uiis one large^lST^aXt. S ^ sio^-oJ,^'"'^"" ^P^«- 
amino add sequence of kappa'chain, JedTcKm^: ItctM^Z ^^"^ "^^^^ '^P'" ^ 
nucleotide sequence ofthcpK17G4cDNA insert, cor Pir i^i u 

responds perfectly with the fust 23 N-temi^Sli^o l" construction of pKCEA.rp207- 

acids of mature mouse anti-CEA kappa chain as deter- Fi,,, ... . 

mmed by amino add sequence aSyris of 1^,u^ed ^„^^^ Plasmid pHGH207.1.. having a 

mouse anti-CEA kappalhain. Th7codi,<t rea^^f ll P"»o"='. was prepared as foUows: 
PK17G4 contains 27 b'Lpair, ^^IJ^lf^ 4 62213^""* '"!S" ^"^"'^ » ".S. Pat. No. 
presequenceand 642basep^or214an^oSof2! ' '° P^*'' P«G" 207-1. pHGH 

mature protein. TTie mature ungly^lat^forJ^ . fo'lowed by paAial di- 

(MW 24.553) has a variable regSn ofT9 aSio'S «, Ke^rirf^™ which con- 
mdudmg the Jl joining region of 12 amino add^ S tSisLT^V^ »° 
constant region of 107 amino adds. After the stoo ^! E f«g«>~t from pBR322. and 

codon behind amino add 215 begins 212 baLS^ of? IT *° ''""'"o™ ^ 294. Tet 

untranslated sequence up to thf^lyA aS^ Thl ^ resmant colonies were isolated, and most of 

kappa chain probe used to identify pKr7G4 £brid?« 65 tt^^oRT"? P"°»207.1. pHGH207-I. which lac2 
to nucleotides 374-388 (FIG. 2). "indues 65 the EcoRl site between the ampJ? gene and the trp 

E^l.6. Characterization ofCoIonies which Hybridize nHGHM7 n!^'^^ ^'^^ 'I'sestion of 
to Gamma 1 DNA Probe nyonoue PHGH207.1 (de Boer et al.. Promoters. Rodriquez et al 

Eds. (1982). pp. 462-481 U.S. Pat. No. 4.663.283) with 
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EcoR I, filling in the ends with Klenow and dNTPs, 
and rcligation. ^ ^ , 

5 >ig of pHGH207-l* was digested with EcoRI. and 
the ends extended to blunt ends using 12 units of DNA 
Polymerase I in a 50 reaction containing 60 mM 
NaCl, 7 mM MgCh, 7 mM Tris HCl (pH 7.4) and I mM 
in each dNTP at 3r C. for 1 hour. foUowcd; by extrac- 
tion with phcnol/CHQ} and precipitation with ethanoL 
The precipitated DNA was digested with BamH I. and 
the large vector fragment (fragment 1) purified using 5 
percent polyacrylamide gel electrophoresis, electroclu- 
tion, phcnol/CKCi3 cxiraciion and ethanol precipita- 
tion. 

The DNA was rcsuspcnded in 50 fil of 10 mM Tris 
pH 8. 1 mM EDTA and treated with 500 units Bacterial 
Alkaline Phosphatase (BAP) for 30* at 65* foUowed by 
phcnol/CHa3 extraction and ethanol precipitation. 

A DNA fragment containing part of the light chain 
sequence was prepared as follows: 7 fig of pKJ7G4 
DNA was digested with Pst I and the kappa chain con- 
taining cDNA insert was isolted by 6 percent gel elec- 
trophoresis, and electroelution. After phenol/CHCh 
extraction, ethanol precipitaion and resuspcnsionin wa- 
ter, this fragment was digested with Ava II. The 333 bp 
Pst I-Ava II DNA fragment was isolated and purified 
from a 6 percent polyacrylamide gel. 

A 15 nucleotide DNA primer was synthesized by the 
phosphotriester method G.O. 2,644.432 (supra) and has 
the following sequence: 

Met Asp De Vai Met 

3' ATG GAC ATT GTT ATG 3' 


The 5' methionine serves as the initiation codon. 500 
ng of this primer was phosphorylated at the 5' end with 
10 units T4 DNA kinase in 20 jil reaction containing 0.5 
mM ATP. -200 ng of the Pst I- Ava II DNA fragment 
was mixed with the 20 ^l of the phosphorylated primer, 
heated to 95* C. for 3 minutes and quick frozen in a 
dry-ice ethanol bath. The denatured DNA solution was 
made 60 mM NaCl, 7 mM MgCh, 7 mM Tris HQ (pH 
7.4), 12 mM in each dNTP and 12 units DNA Polymer- 
ase I-Large Fragment was added. After 2 hours incuba- 
tion at 37* C. this primer repair reaction was phe- 
nol/CHCh extracted, ethanol precipitated, and digested 
to completion with Sau 3A. The reaction mixture was 
then clectrophorcscd on a 6 percent polyacrylamide gel 
and -50 ng of the 182 basepair amino-terminal blunt- 
end to Sau 3 A fragment (fragment 2) was obtained after 
electroelution. 

100 ng of fragment 1 (supra) and 50 ng of fragment 2 
were combined in 20 fil of 20 mM Tris HCl (pH 7.5), 10 
mM MgCh, 10 mM DTT. 2.5 mM ATP and I unit of 
T4 DNA ligase. After overnight ligation at 14* C. the 
reaction was transformed into R coH K12 strain 294. 
Restriction endonucleasc digestion of plasmid DNA 
from a number of ampicillin resistant transformants 
indicated the proper construction and DNA sequenc 
analysis proved the desired nucleotide sequence 
through the initiation codon of this new plasmid. 
pKCEAIntl (FIG. 6). 

The remainder of the coding sequence of the kappa 
light chain gene was prepared as follows: 

The Pst I cDNA insert fragment from 7 fig of K17G4 
DNA was partially digested with Ava II and the Ava II 
cohesive ends were extended to blunt ends in a DNA 
Polymerase I large fragment reaction. Following 6 
percent polyacrylamide gel electrophoresis the 686 


basepair Pst I to blunt ended Ava II DNA fragment was 
isolated, purified and subjected to Hpa II restriction 
endonuclease digestion. The 497 basepair Hpa II to 
blunt ended Ava II DNA fragment (fragmeni 3) was 
5 isoated and purified after gel electrophoresis. 

10 fig of pKCEAIntl DNA was digested with Ava I.- 
extended with DNA polymerase I large fragment, and 
•digested with Xba 1. Both the large blunt ended Ava I 
to Xba I vector fragment and the small blunt ended Ava 
*0 I to Xba I fragment were isolated and purified from a 6 
percent polyacrylamide gel after electrophoresis. The 
large vector fragment (fragmeni 4) was treated with 
Bacterial Alkaline Phosphatase (BAP), and the small 
fragment was digested with Hpa II, electrophoresed on 
a 6 percent polyacrylamide and the 169 basepair Xba 
I-Hpa II DNA fragment (fragment 5) was purified. - 75 
ng of fragment 4, - 50 ng of fragment 3 and - 50 ng of 
fragment 5 were combined in a T4 DNA ligase reaciin 
and incubated overnight at 14% and the reaction mix- 
ture transformed into E. coli K.12 strain 294. Plasmid 
DNA from six ampicillin resistant transformants were 
analyzed by restriction endonuclease digestion. One 
plasmid DNA demonstrated the proper construction 
25 and was digested pKCEAInt2. 

Final constrtiction was effected by ligaiing the 
K-CEA fragment, including the trp promoter from 
pKCEAInt2 into pBR322(XAP). (pBR322(XAP) is 
prepared by deletion <5f the region of pBR322 between 
30 its unique Aval and Pvall sites) 

The K-CEA fragment was prepared by treating 
pKCEAInt2 with Ava I, blunt ending with DNA poly- 
merase I (Klenow fragment) in the presence of DNTPs, 
digestion with Pst I and isolation of the desired frag- 
35 mcnt by gel electrophoresis and electroelution. 

The large vector fragment from pBR322(XAP) was 
prepared by successive treatment with EcoR I, blunt 
ending with polymerase, and redigestion with Pst h 
followed by isolation of the large vector fragment by 
40 electrophoresis and electroelution. 

The K-CEA and large vector fragments as prepared 
in the preceding paragraphs were ligated with T4 DNA 
ligase, and the ligation mixture transformed into £. coli 
as above. Plasmid DNA from several ampicillin resis- 
*5 tant transformants were selected for analysis, and one 
plasmid DNA demonstrated the proper construction, 
and was designated pKCEAtrp207.I*. 

E.1.8 Construction of a Plasmid Vector for Direct 
Expression of Mouse Mature Anti-CEA Heavy 
^ (Gamma 1) Chain Gene, prCEAtrp207-l* 

FIG. 7 illustrates the construction of p7CEAtrp207- 
1*. This plasmid was constructed in two pans beginning 
with construction of the C-terminal regin of the gamma 
55 1 gene. 

5 fig of plasmid pHGH207-l* was digested with Ava 
I. extended to blunt ends with DNA polymerase I large 
fragment (Klenow fragment), extracted with phe- 
nol/CH03, and ethanol precipitated. The DNA was 
^ digested with BamH I treated with BAP and the large 
fragment (fragment A) was purified by 6 percent poly- 
acrylamide gel electrophoresis and electroelution. 

-5 ^g of pyll was digested with Pst I and the 
gamma chain cDNA insert fragment containing the 
65 C-terminal ponion of the gene was purified, digested 
with Ava II followed by extension of the Ava II cohe- 
sive ends with Klenow, followed by Taq I digestion. 
The 375 basepair blimt ended Ava II to Taq I fragment 
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(fragment B) was isolated and purified by gel electro- 
phoresis and electroelution. 

9 ^g of P7298 was digested with Taq I and BamH I 
for isolation of the 496 basepair fragment (fragment C). 

Approximately equimolar amounts of fragments A, s 

and C were ligated overnight at 14* in 20 reaction 
mixture, then transformed into R coii strain 294. The 
plasmid DNA from six ampicillin resistant, transfor- 
mants was committed to restriction endonuclease analy- 
sis and one plasmid DNA, named pyCEAInt, demon- lo 
strated the correct construction of the C-tenninal por- 
tion of gamma 1 (FIG. 5). 

To obtain the N-tenninal sequences, 30 ^g of p7298 
was digested with Pst I and the 628 basepair DNA 
fragment encoding the N-terminal region of mouse 15 
anti-C£A gflwi™ chain was isolated and purified. This 
fragment was further digested with Alu I and Rsa I for 
isolation of the 280 basepair fragment A 15 nucleotide 
DNA primer 

20 

met gtu val met \ca 
5' ATG GAA GTG ATG CTG 3' 

was synthesized by the phosphotriester method (supra). 

The 5' methionine serves as the initiation codon. 500 25 
ng of this synthetic oligomer primer was phosphory- 
lated at the 5' end in a reaction with 10 units T4 DNA 
kinase containing 0.5 noM ATP in 20 /il reaction mix- 
ture. --500 ng of the 280 basepair Alu I-Rsa I DNA 
fragment was mixed with the phosphorylated primer. K) 
The mixture was heat denatured for 3 minutes at 95* and 
quenched in dry-ice ethanoL The denatured DNA solu- 
tion was made 60 mM NaCl, 7 mM MgCl2« 7 mM Tris 
HO (pH 7.4), 12 mM in each dNTP and 12 units DNA 
Polymerase I-Large Fragment was added. After 2 35 
hours incubation at 37* C, this primer repair reaction 
was phenol/CHQa extracted, ethanol precipitated, and 
digested to completion with Hpall. 50 ng of the ex- 
pected 125 basepair blund-end to Hpa II DNA fragment 
(fragment D) was purified from the gel. 40 

A second aliquot of py298 DNA was digested with 
Pst I, the 628 basepair DNA fragment purified by poly- 
acrylamide gel electrophoresis, and further digested 
with BamH I ahd Hpa 11. The resulting 380 basepair 
fragment (fragment £) was purified by gel electropho- 45 
resis. 

— 5 fig of pyCEAIntI was digested with EcoR I, the 
cohesive ends were made flush with DNA polymerase 
I (Klenow), further digested with BamH I, treated with 
BAP and electrophoresed on a 6 percent polyacryl- 50 
amide gel. The large vector fragment (fragment F) was 
isolated and purified. 

In a three fragment ligation, 50 ng fragment D, 100 ng 
fragment £, and 100 ng fragment F were ligated over- 
night at 4* in a 20 fixeaction mixture and used to trans- 55 
form R coli K12 strain 294. The plasmid DNAs from 12 
ampicillin resistant transformants were analyzed for the 
correct construction and the nucleotide sequence sur- 
rounding the initiation codon was verified to be correct 
for the plasmid named pyCEAIntZ 60 

The expression plasmid, p7CEAtrp207-I* used for 
expression of the heavy chain gene is prepared by a 
3-way ligation using the large vector fragment from 
pBR322(XAP) (supra) and two fragments prepared 
from pyCEAInt2. 65 

pBR322(XAP) was treated as above by digestion 
with EcoRl, blunt ending with DNA polymerase (Kle- 
now) in the presence of dNTPs, followed by digestion 
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with Pst I, and isolation of the large vector fragment by 
gel electrophoresis. A 1543 base pair fragment from 
pyC£AInt2 containing trp promoter linked with the 
N-terminal coding region of the heavy chain gene was 
isolated by treating pyC£AInt2 with Pst I followed by 
BamH I, and isolation of the desired fragment using 
PAGE. The 869 base pair fragment containing the C- 
terminal coding portion of the gene was prepared by 
partial digestion of pyC£AInt2 with Ava I, blund end- 
ing with Klenow, and subsequent digestion with BamH 
I, followed by purification of the desired fragment by 
gel electrophoresis. 

The aforementioned three fragments were then li- 
gated under standard conditions using T4 DNA ligase. 
and a ligation mixture used to transform R coli strain 
294. Plasmid DNAs from several tetracycline resistant 
transfonxiants were analyzed; one plasmid DNA dem- 
onstrated the proper construction and was designated 
pyCEAtrp207-l*. 

E.1.9. Production of Inunimoglobulin Chains by E, 
coli 

R coli strain W3110 (ATTC No. 27325) was trans- 
formed with pyCEAtrp207-l* or pKCEAtrp207-l* 
using standard techniques. 

To obtain double transformants, £1 coli strain W3l 10 
cells were transformed with a modified pKC£Atrp207- 
1*. pKCEAtrp207-l*^, which had been modified by 
cleaving -a Pst I-Pvu I fragment from the amp^ gene and 
religating. Cells transformed with pKCEAtrp207.1*A 
are thus sensitive to ampicillin but still resistant to tetra- 
cycline. Successful transformants were retransformed 
using pyCEAInt2 which confers resistance to ampicil- 
lin but not tetracycline. Cells containing both 
pKCEAtrp207-l*A and pyCEAInt2 thus identified by 
growth in a medium containing both ampicillin and 
tetracycline. 

To confirm the production of heavy and/or light 
chains in the transformed cells, the cell samples were 
inoculated into M9 tryptophan free medium containing 
10 ^g/ml tetracycline, and induced with indoleacrylic 
acid (lAA) when the OD 550 reads 0.5. The induced 
ceils were grown at 37* C. during various time periods 
and then spun down, and suspended in TE buffer con- 
taining 2 perceiit SDS and 0. IM i3-mercaptoethanol and 
boiled for 5 minutes. A 10 X volume of acetone was 
added and the ceils kept at 22* C. for 10 minutes, then 
centrifuged at 12,000 rpm. The precipitate was sus- 
pended in O'Farrell SDS sample buffer (OTarrell, P. 
H., y. BioL Ckem,. 250: 4007 (1975)); boiled 3 minutes, 
recentrifuged, and fractionated using SDS PAGE (10 
percent), and stained with silver stain (Goldman, D. et 
al.. Science 211: 1437 (1981)); or subjected to Western 
blot using rabbit anti-mouse IgG (Burnett, W. N.. et al., 
AnaL Biochem, 112: 195 (1981)), for identification light 
chain and heavy chain. 

Cells transformed with pyCEAtrp207-l* showed 
bands upon SDS PAGE corresponding to heavy chain 
molecular weight as developed by silver stain. Cells 
transformed with pKCEAtrp207-l* showed the proper 
molecular weight band for light chain as identi^ed by 
Western blot; double transformed cells showed bands 
for both heavy and light chain molecular weight prote- 
ins when developed using rabbit anti-mouse IgG by 
Western blot. These results arc shown in FIGS. 8A, 8B, 
and 8C. 

FIG. 8A shows results developed by silver stain from 
cells transformed with pyCEAtrp207-l», Lane I is 


monoclonal anti-CEA heavy chain (standard) from 
CEA.66-E3. Lanes 2b- 5b are timed samples 2 hrs, 4 hrs, 
6 hrs. and 24 hrs after lAA addition. Lanes 2a-5a are 
corresponding untransformed controls; Lanes 2c- 5c are 
corresponding uninduced transfonnants. ^ 

FIG. 8B shows results developed by Western blot 
from cells transformed with pKCEAtrp207-l*. Lanes 
lb-6b are extracts from induced cells immediately, 1 hr, 
3.5 hrs, S hrs, 8 hrs, and 24 hrs after lAA addition, and 
la-6a corresponding uninduced controls. Lane 7 is an 
extract from a pyCEAirp207-i* control, lanes 8, 9, and 
10 are varying amounts of anti C£A-kappa chain from 
CEA-66-E3 cells. 

FIG. 8C shows results developed by Western blot 
from four colonies of double tranformed cells 24 hours 
after lAA addition (lanes 4-7). Lanes 1-3 are varying 
amounts of monoclonal gamma chain controls, lanes 8 
and 9 are untransformed and pyCEAtrp207-l* trans- 
formed cell extracts, respectively. 

In another quantitative assay, frozen, transformed £. 
coli cells grown according to E. 1. 10 (below) were lysed 
by heating in sodium dodecyi sulfate (SDS)/;3-mercap- 
toethanol cell lysis bufTer at 100*. Aliquots were loaded 
on an SDS polyaxnylamide gel next to lanes loaded with 
various amounts of hybridoma anti-CEA. The gel was 
developed by the Western blot, Burnett (supra), using 
^25i.iabeled sheep anti-mouse IgG antibody from New 
England Nuclear. The results are shown in FIG. 9. The 
figure shows that the R coli products co-migrate with yQ 
the authentic hybridoma chains, indicating no detect- 
able proteolytic degradation in £1 colL Heavy chain 
from mammalian cells is expected to be slightly heavier 
than E coli material due to glycosylation in the former. 
Using the hybridoma lanes as a standard, the following 35 
estimates of heavy and light chain production were 
made: 
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. E.1.10 Reconstitution of Antibody from Recombi- 
nant K and Gamma Chains 

In order to obtain heavy and light chain preparation 
for reconstitution, transformed cells were grown in 
larger batches, harvested and frozen. Conditions of jq 
growth of the variously transformed cells were as fol- 
lows: 

EL coli (W3110/p7CEAtrp207-l*) were inoculated 
into 500 ml LB medium containing 5 p.g/ml tetracycline 
and grown on a rotary shaker for 8 hours. The culture 55 
was then transformed to 10 liters of fermentation me- 
dium containing yeast nutrients, salts, glucose, and 2 
^g/ml tetracycline. Additional glucose was added dur- 
ing growth and at OD 550=20. indoleacrylic (lAA), a 
trp derepressor, was added to a concentration of 50 60 
p.g/ml. The cells were fed additional glucose to a final 
OD 550=40, achieved approximately 6 hours from the 
lAA addition. 

R coli (W3110) cells transformed with pKCEA trp 
207-1* and double transformed (with pKCEAtrp207- 65 
1*A and pyCEAInt2) were grown in a manner analo- 
gous to that described above except that the OD 550 six 
hours after lAA addition at harvest was 25-30, 
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The cells were then harvested by centrifugaiion, and 
frozen. 

E.2 Assay Method for Reconstituted Antibody 

Anti-CEA activity was determined by ELISA as a 
criterion for successful reconstruction. Wells of raicro- 
titer plates (Dynatech Immulon) were saturated with. 
CEA by incubation 100 p.! of 2-5 fig CEA/ml solution 
in O.IM carbonate buffer, pH 9.3 for 12 hours at room 
temperature. The wells were then washed 4 times with 
phosphate buffered saline (PBS), and then saturated 
with BSA by incubating 200 >il of 0.5 percent BSA in 
PBS for 2 hours at 37* C, followed by washing 4 times 
with PBS. Fifty microliters of each sample was applied 
to each well. A- standard curve (shown in FIG. 10), was 
run, which consisted of 50 ^l samples of 10 ^g, 5 ^g. 1 
;xg, 5(X) ng, 100 ng, 50 ng, 10 ng, 5 ng and 1 ng anti- 
CEA/ml in 0.5 percent BSA in PBS, plus 50 fil of 0.5 
percent BSA in PBS alone as a blank. All of the samples 
were incubated in the plate for 90 minutes at 37* C. 

The plates were then washed 4 times with PBS» and 
sheep anti-mouse IgG-alkaline phosphate (TAGO* Inc.) 
was applied to each well by adding 100 y,\ of enzyme 
concentration of 24 units/ml in 0.5 percent BSA in PBS. 
The solution was incubated at 37* C. for 90 minutes. 
The plates wer washed 4 times with PBS before adding 
the substrate, 100 fil of a 0.4 mg/ml solution of p-niiro- 
phenylphosphate (Sigma) in ethanolamine buffered sa- 
line, pH 9.5. The substrate was incubated 90 minutes at 
37* C. for color development. 

The A450 of each well was read by the Microelisa 
Auto Reader (Dynatech) set to a threshold of 1.5, cali- 
bration of 1.0 and the 0.5 percent BSA in PBS (Blank) 
well set to 0.000. The A4S0 data was tabulated in RS- 1 
on the VAX system, and the standard curve data fitted 
to a four-parameter logistic model. The unknown sam- 
ples' concentrations were calculated based on the A450 
data. 

E.3 Reconstruction of Recombinant Antibody and 
Assay 

Frozen cells prepared as described in paragraph 
E.1.10 were thawed in cold lysis buffer [10 mM Tris 
HCl, pH 7.5, 1 mM EDTA, O.IM NaCl, 1 mM phenyl- 
methylsulfonyl fluoride (PMSF)] and lysed by sonica- 
tion. The lysate was partially clarified by centrifugation 
for 20 mins at 3,(X)0 rpm. The supernatant was protected 
from proteolytic enzymes by an additional 1 mM 
PmSF, and used immediately or stored frozen at —80* 
C; frozen lysates were never thawed more than once. 

The S-sulfonate of R coli produced anti-CEA heavy 
chain (y) was prepared as follows: Recombinant R coli 
cells transformed with p7CEAtrp207-l* which con- 
tained heavy chain as insoluble bodies, were lysed and 
ccntrifuged as above; the pellet was resuspended in the 
same buffer, sonicated and re-centrifuged. This pellet 
was washed once with buffer, then suspended in 6M 
guanidine HCl O.IM Tris HCl, pH 8, 1 mM EDTA, 20 
mg/ml sodium sulfite and 10 mg/ml sodium tetrathio- 
nate and allowed to react at 25* for about 16 hrs. The 
reaction mixture was dialyzed against 8M urea, O.IM 
Tris HCl, pH 8, and stored at 4*, to give a 3 mg/ml 
solution of y-SS03. 

650 fxl of cell lysate from cells of various R coli 
strains producing various IgG chains, was added to 500 
mg urea. To this was added ^-mercaptoethanol to 20 
mM, Tris-HCl. pH 8.5 to 50 mM and EDTA to 1 mM. 
and in some experiments, y-SSO} was added to 0.1 
mg/ml. After standing at 25* for 30-90 mins., the reac- 
tion mixtures were dialyzed at 4* against a buffer com- 
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posed of 0.1M sodium glycinatc, pH 10.8 0.5M urea, Ip 
glycine ethyl ester. 5 mM reduced glutathione. OA 
nd^ oiidized glutathione, "niis buffer was prepar^ 
from Ni-saturated water and the dialysis was performed 
ina capped Wheaton bottie. After 1<h48 hours^ysis 
tags w^tnmsfcrred to 4' phosphate buffered sahne 
Staining 1 mM PMSF and dialyas f"*^""* "f^'J" 
16-24 hrs. Dialysates were assayed by ELISA as de- 
scribed in paragraph E.2 for abdity to bmd CEA. The 
,^ts below show the values obtained by cOTipanson 
with the standard curve in x ng/ml anti-CEA. Also 
diown are the reconsmiction efficienciei calculated 
from the ELISA responses, minus the background (108 
na/ml) of cells producing K chain only, and from esti- 
n«tes of the levels of y and K chains in the reacnon 
mixtures. 
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E.4 Preparation of Chimeric Antibody 

FIGS 11 and 12 show the consmxction of an expres- 
sion vector for a chimeric heavy (gamma) chain which 
comprises the murine anti CEA variable region and 
human y-l constant regiott 

A DNA sequence encoding the human g^inma-I 
heavy chain is prepared as foUows: the cDNA hbary 
obtained by standard techniques from a hi^^ mjUtiplc 
myleoma ccU line is probed with 5' GGGCACi- 
CGACACAA 3' to obtain the plasmid contaming the 
cDNA insert for human gamma-2 chain (Takahashi. et 
al Cell 29: 671 (1982). incorporated herem by refer- 
ent), and analyzed to verify its identity with Uie 
known sequence in human gamma-2 (EUison, J., et ai.. 
Proc Natl Acad. ScL {USA), 79: 1984 (1982) mcorpo- 
ratcd herein by reference). . 

As shown in HO. 11. two fragments are obx^in^ 
from this cloned human gamma 2 plasmid (PT^)- ™s 
first fragment is formed by digestion with PvuII fol- 


the location and DNA sequence surrounding the Pvull 

site in the human gamma-2 gene. 
The plasmid resulting from a three way hgation of the 

foregoing fragments. pChiml, contains, under the inHu- 
5 Sice of SpV^oter. the variable and pan of the con- 

stant region of murine anti-CEA gamma 1 chain, afld a. 

portion of the gamma 2 human cham. pChmil wiU. m 

feet, express a chimeric heavy chain when tranformed 

into £. coli. but one wherein the change from mouse to 
10 human does not take place at the variable to constant 

juTCUon.^ shows modification of pChimI to construct 
pChim2 so that thie resulting protein from expression 
wiU contain variable region from murme anti CtA 
15 antibody and constant region from the human y-2 Cham. 
Hrst, a fragment is prepared frotn pChiml by tr«tmg 
with Nco I. blunt ending with Klenow and dNTPs, 
cleaving with Pvu II, and isolating the large vector 
fragment which is almost the complete plasmid except 
M for short segment in the constant coding region for 
mouse anti CEA. A second fragment is prepared from 
the previously described py2 by treating with Pvu II. 
foUowed by treating with any restriction enzyme which 
cleaves in the variable region, blunt endmg with Kle- 
23 now and dNTPs and isoUting the short fragment which 
comprises the junction between variable and constant 
regions of this chain. 

Ligation of the foregoing two fragments produces an 
intermediate plasmid which is correct except for an 
extraneous DNA fragment which contains a small por- 
tion of the constant region of the munne anti CEA 
antigen, and a smaU portion of the variable region of the 
hunSm gamma chain. TTiis repair can be made by exc«- 
ing the Xba 1 to Pvu II fragment and clonmg mto M13 
pligc as described by Messing et al.. Nucleic Acids Res. 
9- 309 (1981), foUowed by in vitro site directed deletion 
mutagenesis as described by Adelman. et al.. DNA. m 
press (1983) which is incorporated herein by reference. 
The Xba I-Pvu II fragment thus modified is ligated back 
40 into the intermediate plasmid to form pChiml this plas- 
mid then is capable of expressing in a smtable host a 
cleanly constructed murine variable/human constant 
chimeric heavy chain. 
In an analogous fashion, but usmg mRNA templates 
45 for cDNA construction for human kappa rather than y 
chain, the expression plasmid for chimeric light cham is 

'"m^regoing two plasmids are then double trans- 
formed into £ coli W3110. the cells grown ^4 the 
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lowed by digestion with Ava III, and purification of the ,ormea mvo c, «/.. T "^„h f i E3 

Lito DNA fragment, which contains a portion of the jq chains reconstituted as set forth m paragraph E.1 t.J 

E.5 Preparation of Altered Murine Anti-CEA Anii- 

1 Construction of Plasmid Vectors for Direct 
Expression of Altered Murine Anti-CEA Heavy Chain 
^jene 

The cysteine residues, and the resultant disulfide 
bonds in the region of amino acids 216-230 in the con- 
stant region of murine anti-CEA heavy chmn are sus- 
oected to be imported for complement fixaaon (Klem, 
T^pL NatLAcad. ScL. [USA), 78: 524 (1981) but 
not for the antigen binding property of the resulting 
antibody. To decrease the probability of incorrect disul- 
tofiUinthecohesiveend, and digested With P>.u.tne ^^^^^^^^I'^^^^T^^^^^ 
largevectorfragmentcontainingpromoter«olatedby6 65 22^232 which in- 

^\^?o^ and DNA sequence surrounding the eludes codons for three cysteines, are deleted as fol- 
PvuII site in the mouse gamma-1 gene are idenncal to lows. 


smaller upi/v iiafjiiituv, — ^ 

constant region, using 6 percent PAGE. The second 
fragment is obtained by digesting the py2 with any 
restriction enzyme which cleaves in tiie 3' untranslated 
reffion of 72, as deduced fromthe nucleotide sequence, 
fimng in with Klenow and dNTPs, cleaving with Ava 
in, and isolating the smaller fragment usmg 6 percent 
PAGE. (The choice of a two step, two fragment com- 
position to supply the PvuII-3' untranslated fragment 
provides a cleaner path to product due to the proximity 
of the AV AIII site to the 3 terminal end thus avoidmg 
additional restriction sites in the gene sequence match- 
ing tiie 3' untranslated region site.) py<^E^O];l„^ 
digested witii EcoR I. treated wiUi Klenow and dNTPs 
to fill in the cohesive end, and digested with Pvu II, the 
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A. "deleter" dcoxyoligonuceloride, 5' CTAACAC- 
CATGTCAGGGT is used to delete the relevant por- 
tions of the gene from pyCEAtrp207-l* by the proce- 
dure of Wallace, et al., Science, 209: 1396 (1980). Briefly, 
the "deleter*' deoxyoligonucclotide is annealed with 5 
denatured pyCEAirplO?-!* DNA, and primer repair 
synthesis carried out in vitro, followed by screening by 
hybridization of presumptive deletion clones with 
labelled deleter sequence. 

E.5.2 Production of Cysteine Deficient Altered Anti- 10 

body 

The plasmid prepared in E.5.1 is transformed mto an 
E. coli strain previously transformed with 
pICCEAtrp207-l* as described above. The cells arc 
grown, extracted for recombinant antibody chains, and 15 
the altered antibody reconstituted as described in 
E.1.10. 

E.6 Preparation of Fab 

E.6.1 Construction of a Plasmid Vector for Direct 
Expression of Murine Anti-CEA Gamma I Fab Frag- 20 
ment Gene pyCEAFabtrp207. 1 • 

FIG. 13 presents the construction of pyCEA- 
Fabtrp207-l*. 5 ^g of pBR322 was digested with Hind 
III, the cohesive ends made flush by treating with Kle- 
now and dNTPs; digested with Pst h and treated with 25 
BAP. The large vector fragment, fragment I, was re- 
covered using 6 percent PAGE followed by electroelu- 
tion. 

5 fig of pyCEAtrp207-l* was digested with both 
BamH I and Pst I and the -1570 bp DNA fragment 30 
(fragment II) containing the tip promoter and the gene 
sequence encoding the variable region continuing into 
constant region and further into the anti-CEA ganmia 1 
chain hinge region, was isolated and purified after elec- 
trophoresis. 3^ 

Expression of the anti-CEA gamma 1 chain Fab frag- 
ment rather than complete heavy chain requires that a 
termination condon be constructed at the appropriate 
location in the gene. For this, the 260 bp Nco I-Nde I 
DNA fragment from 20 ^ig of the p7298 was isolated 40 
and purified. A 13 nucleotide DNA primer, the comple- 
ment of which encodes the last 3 C-ierminal amino 
acids of the Fab gene and 2 bases of the 3 needed for the 
stop codon, was synthesized by the phosphotriester 
method (supra). The probe hybridizes to nucleotides 45 
754 to 767 (FIG. 4) which has the following sequence: 


Asp Cy« Gly Stop 
5' GGGATTGTGGTTG 3' 

The third base of the stop codon is provided by the 
terminal nucleotide of the fiiled-in Hind III site from 
pBR322 cleavage described above. 500 ng of this primer 
was used in a primer repair reaction by phosphorylation 
at the 5' end in a reaction with 10 units T4 DNA kinase 
containing 0.5 mM ATP in 20 and mixing with 
-200 ng of the Nco I-Nde I DNA fragment. The mix- 
ture was heat denatured for 3 minutes at 95* and 
quenched in dry-ice ethanol. The denatured DNA solu- 
tion was made 60 mM NaCl, 7 mM MgCh. 7 mM Tris 
HCl (pH 7.4), 12 mM in each dNTP and 12 units DNA 
Polymerase I-Large Fragment was added. After 2 
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hours incubation at 37* C this primer repair reaction 
was phenol/CHCl3 extracted, ethanol precipitated, di- 
gested with BamH I and the reaction elecirophoresed 
through a 6 percent polyacrylamide gel. - 50 ng of ihe 
181 bp blunt end to BamH I DNA fragment, fragment 
III, was isolated and purified. 

- 100 ng of fragment I, - 100 ng each of fragments II 
and III were ligated overnight and transformed into E. 
coli K12 strain 294. Plasmid DNA from several tetracy- 
cline resistant transformants was aiudyzed for the 
proper construction and the nucleotide sequence 
through the repair blunt end filled-in Hind III junction 
was determined for verification of the TG A stop codon. 
E.6.2 Production of Fab Protein 
The plasmid prepared in E.6.1 is transformed into an 
E. coli str^ previously transformed with 
pKCEAtrp207-l* as described above. The cells are 
grown, extracted for recombinant antibody chains and 
the Fab protein reconstituted as described in E.1.10. 
We claim: 

1. A method comprising 

(a) preparing a DNA sequence encoding a chimeric 
inununoglobulin heavy or light chain having speci- 
ficity for a particular known antigen wherein a 
constant region is homologous to the correspond- 
ing constant region of an antibody of a first mam- 
malian species and a variable region thereof is ho- 
mologous to the variable region of an antibody 
derived from a second, different mainmalian spe- 
cies; 

(b) inserting the sequence into a replicabic expression 
vector operably linked to a suitable promoter com- 
patible with a host cell; 

(c) transforming the host cell with the veaor of (b); 

(d) culturing the host cell; and 

(e) recovering the chimeric heavy or light chain from 
the host cell culture. 

2. The method of claim 1 wherein the first mamma- 
lian species is human. 

3. A composition comprising a chimeric immuno- 
globulin heavy or light chain having specificity for a 
particular known antigen having a constant region ho- 
mologous to a corresponding constant region of an 
antibody of a first mammalian species and a variable 
region homologous to a variable region of an antibody 
derived from a second, different manamalian species. 

4. The chimeric heavy or light chain of clain 3 
wherein the constant region is human. 

5. A replicable expression vector comprising DNA 
operably linked to a promoter compatible with a suit- 
able host cell, said DNA encoding a chimeric immuno- 
globulin heavy or light chain having specificity for a 
particular known antigen and having a constant region 
homologous to a corresponding region of an antibody 
of a first mammalian species and a variable region ho- 
mologous to a variable region of an antibody derived 
from a second, different mammalian species. 

6. The vector of claim 5 wherein the first mammalian 
species is human. 

7. Recombinant host cells transformed with the vec- 
tor of claim 5. 
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